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TEST OF ACOUSTIC TONE SOURCE AND
PROPULSION PERFORMANCE OF CSA BUFFALO SUPPRESSOR NOZZLE

by T C. Muris, D. L. liarkomen, amd 1. V. OKecfe

Boeing Commercial Airplane Company

INTRODUCTION AND SUMMARY

Following completion of the full scale fest of the suppressor nozzle on the C8A Buftalo
airplane (ref. 1), three factors still required clarification: (1) the origin and removal of a 2000-Hz
tone believed to he caused by the lobed nozzle, (2) the acoustic directivity effect relative to the
major and minor axis of the rectungular-array nozzle, and (3) measurement of the nozzle

performance.

To accomplish the above objectives, one of the lobed nozzies was tested on the hot nozzle
fucility, figures 1 and 2, at North Boeing Field. This facility could not provide sutficient air to flow
the full nozzle area: therefore, the four outside lobes were blocked initially. With this blockage,

nozzle pressure ratios up to 1.5 were achieved with exhaust gas temperatures up to 510°C (950°F).

Acoustic data, on a4 15.2-m (50-ft) polar array, were recorded simultuncously with
pertormance dati. Ground-mounted microphones were used so that ground reflections would be
chminated and not confuse the acoustic analysis, (For use of flush-mounted microphones, see
ref. 2). Various configurations were evaluated in a step-by-step procedure until the 2000-Hz tone

wis eliminated.

The testing showed that no appreciable change in the tone came about with intcrnal upstream
Fatring changes, but that when the lobe exits were suitably altered, in relation to each other, the
tone was climinzted. The lobe exit relationship was changed in three ways: by blocking every other
Iobe, as in figure 3, thus doubling the lobe spacing; by adding a splitter plute between the lobes per
figures 4 and 5, extending 12,7 ¢m (5 in.) aft of the nozzle exit; and by adding plugs with tubes for
more exit breakup. per figure 6. All three of these procedures eliminated the tone. The assumption
that the tone is generated by the nozzie exit geometry and spacing seems well-lounded. The exact

mechanism involved is still not completely understood.

The acoustic directivity of the rectangular-urray nozzle was determined by recording data with
the nozzle in the horizontul and then in the vertical plane. Figure 7 shows the nozzle in the vertical

position, A marked reduction in the one-third octave SPL and QOASPL levels occurs when the data is

|



recorded off the minor axis of the nozzle. The original estimate (ref. 1) of 2 PNdB reduction (at
1.5 NPR) due to directivity has now been altered to 6 PNAB per the results of this {est program.
Figure 8 (from ref. 1) shows the acoustic characteristics confirmed during this test program, und
predicted levels for an advanced (BNS-3) nozzle discussed in the recommendation section of this

report.

Velocity- and discharge-coefficient measurements were made on the partially blocked nozzle
by using the facility’s single-component thrust measurement cell and sonic venturi airfjow meter. As
indicated in figure 9, a velocity coefficient of 0.95 was measured at a nozzle prc.ssurc ratio of 1.5.
This can be extruapolated to about 0.96 at the Buffalo airplane takcoff pressure ratio of 1.9, Some
air leakage was evident uround the rotation bearing attachment flange, with resultant lowering of
the Cy; value. The measured Cy levels are therefore somewhat below the true level. As indicated in
figure 9, the fences installed in the secondary passages did not result in any measurable penalty in

static performance.

It is recommended that research be continued to identify the mechanism of the 2000-Hz tone
and to specify the means for eliminating or avoiding it.



PROCEDURAL DISCUSSION

TEST HARDWARE AND FACILITY DESCRIPTION

Thie hot nocze Tachiity, focated at the north o of Booing Fickd, s capable of wirflows in the
order of 20 kg (40 Ib) per sccond at temperatures of 500°C (950°T). The intertuce duct at the exit
of the facility s 30.5 cm (12 in) in diameter. Thus, to adapt the “pants’ section from a Spey

split-Mow Rolls Royce engine, « trunsition was fabricated (fig. 1) connccting the duct to the pants

section.

As the fucility wus to be used for testing only one nozzle, a splitter plate was installed in the
pants section and transition so the flow would duplicate as much as possible the full scale tlow lines.

The exit for the second nozzle on the pants scction was sealed ol ut the rotation flange.

The airflow capucity of the test facility was not adeguate to fill atl 13 fobes of the nozele:
therctore the four outer lobes were blocked internally. This did not impair the acoustic
characteristics ol the nozzle: the baseline sound spectrums obtained from this test closely matched

thost obtained from the airplane stutic test reported in reference 1.

The arcu surrounding the test facility is made up of smooth concrete and is ideal for ground

surface mounted microphone installations (ref. 2),

Nine microphones were located on a 15.2-m (50-ft) polar array, as measured from the nozzle
exit plane and centerline. The microphones were located with the diaphragm 1.27 cm (0.5 in.)
above the concrete surface, at angles of 90°, 100°, 110°, 115°,120°, 125°, 130°, 135°, 140° relative lo

the infet {see appendix A).

As illustrated in appendix A, totul pressure and temperature instrumentation was instalied at
the entrance 1o the split-llow plenum and pants section, and total pressure rakes were fitted at the
lobe nozzle exit plane, Performunce cocfficients (velocity and discharge) were computed using both
rake locations as charging stations. The thrust produced by the lobe nozzle was measured by a
single-component load cell of 900-kg (2000-1b) range. Nozzle airflow was measured with a
calibrated sonic venturi installed upstream of the facility burner.

TEST PROCEDURES

Fotlowing the completion of a configuration buildup, the propulsion and acoustic instrumenta-
tion was checked and calibrated. If the weather was within specifications shown in appendix A, the



test was started with a nozzle pressure ratio (NPR) of 1.2 and an exhaust gas temperature of
371.1°C (700 °F). Then the pressure ratio and temperature were increased in 0.1 NPR steps to a
maximum of 1.7 NPR at 510°C (950 °F). Propulsion and acoustic data were recorded at each NPR

increment.

In the cvent of light ruin, a single microphone at 115° from the inlet was used to measure the
acoustic data. This data was displuyed on-line from the one-third octave unualyzer described in
appendix D. No magnetic tape recording was made. [t should be noted that even when the weather
was good and the full microphone array was being recorded, the 115°microphone was tied into the
on-line one-third octave analyzer and the traces recorded. Therefore, a quick comparison could be
made between the various configurations.



TEST RESULTS

ACOUSTIC MEASUREMENTS

The first step in the test program was to run the lobed nozzle on the test rig and cstablish a
bascline, with emphasis on being uble to produce the 2000-Hz tone which existed during the NASA

Ames airplane test program (ref. 1).

Runs | and 2 were made with nine lobes of the nozzle flowing. The weather was very marginal
but data was recorded “on-line™ at the 115°% location for nozzle pressure ratios of 1.2 through 1.6,
The acoustic results proved to be satisfactory and the 2000-Hz tone was reproduced at NPR 1.6.
See figure 10,

Attcmpts were made to remove the 2000-Hz tone by a process ol elimination. Figure 11 shows
that adding a fairing to the leading and trailing edge of the secondary flow arca struts was
inelfective. 1t had been thought that the angle of attack of these struts, reluative to the airstream,
could have caused turbulence which resulted in the problem tone, Next it was decided to block all
{low 1through the sccondary channels, This waus accomp]ished by fitting a piece of aluminum shect
over all the Tobes and filling uny voids with asbestos cloth. Results of this run {No. 4} are also shown

in figure 11, No reduction of the rone occurred.

The next step was to remove an acrodynamic fairing which originally was installed internally
hetween cach lobe. This fuiring was closed on the upstream cnd, but opcn on the downstream
end, a contfiguration which left the possibility of the creation of a resonating chamber or whistle
type of noise gencrator. Results of removing the tube fairings are shown in figure 12. The tonce was

still not affected.

In order to reduce the number of lobes involved in the remaining tone source tests, the nozzle
was blocked down to five lobes flowing. Figure 13 shows the resultant one-third octave spectra; the
2000-Hz wone is still evident. In the remainder of the acoustic tests live lobes were used and run 6
wus considered the baseline, Tube nozzle ends were then added (fig. 6} to the exit of the primary
lobes. Nine lobes were fitted with these tube ends, with a resuitant {Tow area equivalent to five
tobes in the normal configuration. The tube ends removed the 2000-11z tone, and effectively
reduced the noise level relative to the lobéd nozzle (fig. 13). However, this was not a practical
solution due to the high thrust loss and weight penalties for 4 flight tube nozzle configuration,



While the tube nozzle ends were installed, the acoustic directivity of the rectangulur array
nozzle was evaluated before continuing the tone source tests. This evaluation was best made at this
point of the test program becuuse of the number of lobes in operation (nine)} and hardware for the

next test configuration was in fabrication.

To determine the nozzle directivity, an acoustic run was made with the nozzle major axis
projecting through the centetline of the 90° microphonc; then the nozzle was rotated 90° and
acoustic data were again recorded. Figures 14 through 18 show the results. In summary, the noise |
measured off the short axis was 2 to 6 dB quieter than off the long axis. This difference depended
on the power sctting, with the dircctivity effect diminishing as the NPR was increased. [t should be
noted that the tube ends were installed in this test series, but as the overall aspect ratio wus near
three, the results of the directivity evaluation should be valid for the proposcd BNS-3 lobe nozzle.

The tests completed prior to the directivity evaluation indicated that the 2000-Hyz tone was
related to an interaction between the lobes of the nozzle, probubly at the exit plune. In an attempt
to pinpoint the exact cause, three test configurations were run: five alternate lobes flowing, with
four blocked (fig. 19); four alternate lobes flowing (fig. 19), namely the lobes which were blocked
for the previous run: and with fences or splitters installed in the secondary flow channels cxtending
12.7 ¢cm {5 in.) aft of the nozzle exit plane (fig. 20.). All three configurations removed the tone.
bt was originally thought that the tone was caused by upstream turbulence in each lobe, and that
because ol the relationship of the lobe exils the tones were amplified externally. Narrow band
analysis (10-cycle bandwidth) per figurcs 21 through 29 shows that no such fone cxists in the
individual lobes and therefore the amplification theory is invalid.

The final conclusion as to the cause of the tone is that it is created by an interaction
engendered by the shape and spacing of the lobes. It is not known what effect small changes in lobe
spacing would have on the frequency of the tones, nor just what the minimum spacing change
would be to completely eliminate the tone.

Methods of eliminating the tone are:

1) Change the lobe spacing.

2)  Alter the lobe exit by converging near the exit plane, in effect, changing the exit flow
characteristics slightly. (This solution is speculative.)

O



3} Change the lobe cxit shape to a multi-element, large breukup configuration (deep

corrugations on lobe exits).

4) Add a spliitcr {fence) between the lobes. Further testing would be required to determine

the mintmum size fence required.

NOZZLE PERFORMANCE

[t was hoped that the transition-diffuser with the internal splitter plate would provide even
pressure profiles at the entrance to the engine split-flow *‘pants” section. Examination of the
pressures sensed by the two 4-probe total pressure rakes at the “D” shaped section revealed
considerable distortion (as much as 3.5 psia out of 23 psia) at an average nozzle pressure ratio of
1.5. The bricef test period did not allow investigation of the cause of the problem but evidently the
arcg rule change was too severe to control the flow expansion immediately downstream of the
burner choke plate. Performance data based on the distorted upstream conditions would be

- meaningless und are not presented here.

Nozzle performance was instead computed on the basis of total pressure measurements at the
lobe exit plane. Two 4-probe rakes were positioned in the center of the lobes to sense the nozzle
supply pressurc. This is a sound practice provided the lobes are not unreasonably long. To minimize
the effects of spanwise distortion, believed caused by the poor entrance conditions, the total
pressure rukcs were alternately positioned on lobes 1 and 4 and lobes 2 and 3, as shown in figure 9.
Because of tacility airflow limitations, six of the outer lobes were blocked to decrease the flow area.
This was accomplished during the first tests by internally blocking the lobes. Levels of Cy as low as
0.90 were measured. The problem was traced to a large amount of leakage around the nozzle
internal blocker plates. In the Cyy equation, any mass flow that is leaking (not producing thrust) will
drive the Cy; parameter down. The unused lobes were then sealed externally: The Cy level rose to
0.95 at a nozzle pressure of 1.5 as indicated in figure 9. This level can be extrapolated to about 0.96
at takcoff power (NPR= 1.9). Some leakage is still evident around the nozzle-rotation
bearing-attachment flange. This means that the measured CV level is somewhat below the true level.

The discharge coefficient {Cp) level of the lobe nozzle was measured also. The Cp levels for
ambient and heated air, presented in figure 30, are essentially constant at 0.95 through the range of
pressure ratios tested. The discharge coefficient levels are not particularly important with regard to
nozzle thrust performance bui are useful in sclecting the target nozzie exit area to provide proper
enginc match, The Cpy values measured with 11 lobes flowing during the engine tests (ref. 1) varied
from 0.93 to 0.94 for this runge of pressure ratios.



RECOMMENDATIONS

This test program has shown that the 2000-Hz tone can be eliminated, and that greater noise
suppression exists due to nozzle directivity than was originally predicted. With this knowledge in
mind, it is rccommended that further design and testing can provide a {light nozzle wilth the

suppression shown in figure 8 (shown as BNS-3).

Model BNS-3 would consist of a lobe-type nozzle similar to the one tested (BNS-1), the main
chunge occurring in the lobe exits. These would have deep penetration (high perimeter)

corrugated ends.

To determine the actual effect of changing the lobe exit geometry, a Boeing hot-nozzle-fucility
test of a BNS-1 nozzie modified to BNS-3 geometry is rccommended. The lobes of the BNS-1
nozzle would be removed, and seven new lobes of the BNS-3 configuration would be welded in

place.
Propulsion und acoustic tests would be performed on the modified nozzle, and the results

supplied in time to support a design effort for flight hardware.

Boeing Commercial Airplane Company
P2.0. Box 3707
Seattle, Washington 98124, May 30, 1974
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FIGURE 1.—C8A BUFFALO LOBED NOZZLE MOUNTED
ON BOEING HOT NOZZLE TEST FACILITY
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CB8A Buffalo engine o
"“pants’’ section

FIGURE 2.—C8A BUFFALO 13-LOBE SUPPRESSOR NOZZLE
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FIGURE 3.—INSIDE VIEW OF CEA BUFFALQO SUPPRESSOR NOZZLE, UPSTREAM LOBE BLOCKERS
INSTALLED
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FIGURE 4.—C8A BUFFALQO LOBED NOZZLED WITH SECONDARY FLOW SPLITTERS (FENCES) INSTALLED
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FIGURE 5.—AFT VIEW OF SECONDARY FLOW SPLITTERS (FENCES)



internally

Blocked

REMAINING FOUR BLOCKED

@
x
@]
~I
W
<
=
=
Q
Q
w
~J
~l
5
<
w
Q
=
w
W
S
T
4]
W
&
5]
=
™y




61

FIGURE 7.—C8A LOBE NOZZLE IN VERTICAL POSITION FOR DIRECTIVITY EVALUATION
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Add 4.9 dB to obtain octave band level
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FIGURE 10.—LOBED NOZZLE SPL BASELINE, 115°LOCATION



Add 4.9 DB to obtain octave band level
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FIGURE 11.—FAIRING AND SECONDARY FLOW BLOCKAGE EFFECTS ON SPL SPIKE



Add 4.9 dB to obtain octave band level
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FIGURE 12 —EFFECT ON SPL SPIKE OF REMOVING UPSTREAM TUBE FAIRINGS



One-third octave band level, dB re 0.0002 microbar
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FIGURE 12 —EFFECT ON SPL SPIKE UPON ADDING TUBE ENDS
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One-third octave sound, pressure level, dB

See figure 16 for nozzle orientation with respect to michrophones
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FIGURE 14.-ACOUSTIC DIRECTIVITY EFFECT AT 110°ANGLE



One-third octave sound, pressure level, dB

See figure 16 for nozzle orientation with respect to microphenes
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FIGURE 15, —ACOUSTIC DIRECTIVITY EFFECT AT 130°ANGLE
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Qverall sound pressure level, dB
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See figure 16 for nozzle orientation with respect te microphones
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Overall sound pressure level, dB

See figure 16 for nozzle orientation with respect to microphones
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One-third octave band levet, dB re 0.0002 microbar
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FIGURE 20.—SPL SPIKE REMOVAL WITH SECONDARY-FLOW SPLITTERS
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FIGURE 23.-NARROW-BAND ACOUSTICS OF RUN 10 AT 130°ANGLE
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FIGURE 24 —NARROW-BAND ACOUSTICS OF RUN 171 AT 115" ANGLE
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FIGURE 25 —NARROW-BAND ACOUSTICS OF RUN 17 AT 120° ANGLE



33

o= NPR: 1.6

100

SPL, dB
904-

70 ! ! 1 | )

Frequency, kHz

FIGURE 26.—NARROW-BAND ACOUSTICS OF RUN 171 AT 130°ANGLE



110~ NHR: 1.6

100

SPL, dB

20 | | ] - ;

Frequency, kHz
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APPENDIX A

ORIGINAL TEST PLAN

Acoustic and performance tests will be conducted on one of the lobe suppressor nozzles that
was tested on the Buffulo aircraft. The mechanical laboratories’ hot nozzle test fucility (HNTF) will
be used; it is equipped with heated air and thrust measurement capubility and is located in 4n
acoustic arena. A transition diffuser will be built to adapt the facility interfuce to the split-flow
plenum “pants” and nozzle assembly. Facility burner and airflow limitations allow tests on only

one lobe nozz}e with several lobes blocked.
The objectives of the test are to:
I3 ldentify and eliminate a 2000-Hz tone that was measured during a previous test.
2)  Meusure the acoustic directivity effect of the rectangular-array lobe nozzle.
3) Measure the thrust performance of the suppressor nozzle,

See figure A-1 for a plan view of the test setup, acoustic arena, and the proposed tone source
identification tcsts. The tone source identification tests are exploratory in nature and will examine
several potential causes of the tone, varying from edge effects (Aeolian tones) in both secondary
and primary passages to lobe nozzle aerodynamic characteristics. The tube breakup nozzles are
intended to compictely alter the lobe nozzle flow characteristics in the event that the tones are not
eliminated by any of the other methods. See figure A-2 for tone source hardware.

The acoustic directivity effect of the nozzle will be measured by recording acoustic data with
the nozzle rotated 90° relative to the normal position. The maximum nozzle pressure ratio will be
limited to about 1.3 (T,;, = 750°F) with four lobes blocked (nine lobes flowing).

Facility thrust and mass flow measurement capability will be used to determine the nozzle
velocity and discharge coefficients under heated air conditions. The performance coefficients will be
determined at two charging stations: (1) entrance to the split-flow plenum; and (2) the nozzle exit

station (see fig. A-1).
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PERFORMANCE INSTRUMENTATION AND CALCULATIONS

Station 1 (plenum entrance) Station 2 (nozzle exit)

Py probe radii, in. 4 Py probes

rno=4

ry =8

rg = 11

rg = 1286
Locate D e = 2
thermocoupies - )
equidistant 6 =6 l;nmafv
hetween P c -9 ~— 0
probes a5 7 —— _
indicated rg = 115 -

2" spacing
typ.

Lobe vertical

The fully expanded jet velocity and the ideal mass flow will be computed from the arithmetic
average of the two P-p rakes at station ¥ and the arithmetic average of the probes on the nozzle exit

rake at station 2.

oot
I v-1 \ Py
ot thd
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Repeat the above computations based on the average pressure ratio measured at the nozzle exit
station and obtain VlZ and WIZ‘ Compute and print out the velocity and discharge coefficients for

the two charging stations:

Cy=—2_ Cn=
Vimpg V77D m

The total tcmperature to be used will be the averuge of the five measured at station 1. The

geometric nozzle exit area will be the cold area plus 2 percent:

Ageo = No. of Lobes Flowing x 13.2 in.2 x 1.02
Compute ) as a function of the total temperature at station 1.

Print out the individual total pressure and temperature measurements for each probe in psia
and degrees fahrenheit.
ACOUSTICS
The acoustic microphone array will consist of eight 1/2-in. microphones located on a 50-ft
radius centered on the nozzle exit. All microphones on the 50-ft radius will be ground mounted
with the microphone face 1/2 in. above the ground surface.

The acoustic data will be recorded on 1-in. magnetic tape with a record speed of 30 in./scc.

Data presentation will be in one-third octave, and QASPL at the microphone location.

Extrapolation to sideline distances, if required, will be decided on later in the program.

On-line one-third octave data will be used for the 110 microphone location. This will help in

muking decisions which will support the 2 kHz tone evaluation,
Almospheric conditions will fall within the following limits:

Wind: no greater than 10 kt maximum

no gusts preater than+ 1.5 kt
Humidity: 30 to 90 percent (no mist or rain)

Temperature: 32° to 90°F 45



TEST CONFIGURATIONS AND TEST CONDITIONS

P
MNazzle | 1One source Noz;le e);l;t Station™ | pressure ratios
configuration | rotation) and temperature settings
9 Lobe None a0° On 1.1,650° F; 1.2, 700° F; 1.3, 750° F |
a Lobe Mone 0° On 1.1,650° F; 1.2, 700° F; 1.3, 750° F |
7 Lobe None? 0° On | 1.3,750°F;1.4,800° F; 1.5, 850° F; 1.6, 900" F_
None® 0° Ooff | 1.3,750° F: 1.4, 800° F; 1.5, 850° F; 1,6, 900° Fe
1 0° Off | ¢
2 0° off | ¢
3 0° off | ¢
4 0° Off | ¢
5 o° off | ¢
7 Lobe 6 d 0° Off | ¢

ax. flow condition will be cantrolled by burner operation limits.
|:'Bas.eline-

CFlow conditions where 2 kHz tone accurs will be noted and set during tone
source tests,

dThese configuration changes will require nozzle removal and instaltation
in the fabrication shop.

Note: A back pressure device (choke platel may be required at the facility - transition
interface to keep the burner mach number (0.2} within operation limits. The
acoustic signature and level produced by the choke plate versus flow rate will be
identified and accounted for prior to recording any test nozzle data.
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a)  Secondary strut leading and trailing edge modification

U-Channel
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i —
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Lobe exit
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*!\—snarp (.01-.015 in.)
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—-—-‘ L——— 2in
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s
Slat nozzle f flow t
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— e e
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FIGURE A-2—-TONE SOURCE IDENTIFICATION HARDWARE
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c L > & L
kel o = = ®o
= — - Q - 3 . . .
5 | = - £ 2 o T o Configuration Notes
o c e 5 D = £ E
S : & ® X 3
18 1 Rain 1.6 900 Basetine 9 lobes flowing, 1 microphone, in a plastic bag,
at 115° Floe.  12-12-73
1 47 92 1.2 700
2 |47 |92 1.3 750 Baseline 9 lobes flowi 1 microphone at 115° loc. {no
9 aseline 9 lobes flowing. ;
3 a7 | 92 14 200 bag) on line data only.
4 |a7 |92 |15 | 850 121773
5 47 | 82 1.6 900
1 48 | 86 1.4 800 - " 118° |
(o] t .on
Fairings on fwd and aft, . micropnone a ec
3 line data cnly.
2 48 | 86 1.5 850 end of secondary struts.
12-17.73
48 | 86 1.6 900
1 47 | 86 14 800 All flow throughsecond-
s ary al. plate over top. Full microphone array recorded.
2 47 1 86 15 850 of lobes and ashestor in 12-18-73
secondary channels.
3 47 | 86 1.6 200
1 52 |82 1.4 800 Full microphone array recorded,
Secondary blocked per extra exit probe.
5 2 52 | 82 15 850 run # 4, tube fairings. In outer lobe number 5 press
In primary flow probe broke,
3 52 {82 1.6 900 removed. Splitter in diffuser broken loose
on one side, 12-19-73
1 5t | 62 1.3 750
5 primary lobes flowin Single microphone at 115° on line
6 |2 |51 |62 1.4 800 9- i
No secondary block. data only.
3 51 |62 1.5 850 12-19-73
4 51 | 62 1.6 800
1 52 | B8 1.3 750
1 microphone at 116°F lacation, on
2 52 |88 1.4 . ’
7 800 9 lobes with tube ends. line data anly.
No 5 press probe repdired-no exit rakes,
3 2 | 88 .
15 850 12-20-73
4 52 188 1.6 900
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= Cs > LL
e o = h wo
Ltl-g4++ & Eat B Configuration Notes
i £ o s 4z < E T - -
o : - m [}
&) o] I ST W e
1] s2| 88 | 13| 750°
8 2 521 1 1.4 800 9 lobes with tube ends. Directionality test. Fult microphone
3 52| 1M 1.5 850 array 12-20-73
4 52| 11 1.6 900
5 521 11 1.7 950
1 34| 66 1.3 750
2 34| 66 1.4 80O
g | 3| 34| 66 1.5 850 | 9 lobeswith tube ends. Directionality test. 1.2-74
a 34| 66 1.6 900
5 34| 66 1.7 950
1 32 1.3 750
5 lobes fiowing alternate
10 2 32 14 800 lobes blocked Tone source test, full mic. array.
3| 32 1.5 850 1-3-74
4 32 1.6 900
1 21 1.3 750
4 lobes flowing alternate
11 2 21 1.4 800 but opposite |obes Full microphone array.
3 27 15 850 from run 10, 1-7-74 |
4 21 1.6 900
1 21 1.3 750 _
5 center lobes flowingwith
splitters in the secondary
12 2 21 1.4 800 . Full microphone array.
- flow, extending 5~ aft of
3 | 15 350 the nozzle exit. .
4 21 1.8 200 ‘
i
1 1.2 Amhby '
" 7 lobes-fences in second-
13 _ ary exit rakes on lobes Performance run only.
2 1.3 -1 84
3 1.4
4 1.5 X
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c L > w
c e 2 = g %o . i
5 £ = 2 2 @ 2 a Configuration Notes
o : E w o= = £
s < S 25 = &
o O T 0. W o=
1 1.2 700
2 1.3 750
141 3 1.4 800 Same asrun 13. Performance run ontky.
4 1.5 850
5 1.6 900
1 1.2 Amb
Same as run 13 except
1651 2 1.3 rakes on lobes (2} & {3) Performance only cold flow.
3 1.4
4 1.5
1 1.2 700
2 1.3 750
16 3 1.4 800 Same as run 15 Performance iny hot flow.
4 1.6 850
5 1.6 900
1 1.2 Amb P.T. rakes on lobes 2 & 3
2 1.3 7 tobes flowing. Second- Performance, only, cold flow.
17 ary fences removed.
3 1.4
4 1.5
5 1.6
1 1.2 700
Same as run 17
18 2 13 750 rakes on 2 & 3 Hot flow. performance only.
3 1.4 800
4 1.5 850
5 1.6 900
i 1.2 700
2 1.3 750
191 3 1.4 800 Baseline rakeson 1, 4 Performance only 1-16-74
4 15 | 850
b 1.6 900
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El] 2 e L
s | ,‘é 'E ' ‘é g e ' E“g Tonfiguration Noles
S|lag | T [(&°F O oo
1 49| 56 1.2 700 Acoustic array (full) 1.17-74
2 48| 56 1.3 750
20 3 49| 56 1.4 800 Baseline 7 lobes flowing
4 49| 56 1.5 850
5 49| 56 1.6 Q0o EGT thermocouple broke on

cond 5.




.. ... . APPENDIXC
PLOTS OF RECORDED DATA, ONE-THIRD OCTAVE
BAND SOUND PRESSURE LEVEL

PRECEDING PAGE BLANK NOT FILMID
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APPENDIX D

ACOUSTIC RECORDING AND REDUCTION SYSTEM

SYSTEM CALIBRATIONS

Two types of calibration are performed on the data acquisition system prior to recording t;:st
data. The first determines the frequency response of the microphone, preamplificr, cables, and
signal conditioning equipment. This is performed before und after each test, using the electrostatic
actuator method illustrated in figure D-1. The sweep oscillator frequency is referenced to an
clectronic counter, certified and calibrated by the Boeing Flight Test Laboratory. The laboratory
maintains test standards, references, and equipment with calibration accuracy traceable to the U.S.
Burcau of Standards. When the frequency response of the system relative to 250 Hz has been
determined, corrections are computed for each one-third octave band and applied to the data during

reduction to obtain true SPL in dB,

The second calibration is un end-to-end sensitivity check performed cach day before and after
4 test. An scoustic pistonphone calibrator with a constant, known SPL at 250 Hz is applied to each
microphonc, and the calibritor signal recorded on magnetic tape. This reference is used during the
data reduction process to determine system sensitivity. The device used, u Bruel & Kuaer model
4220 pistonphone, has a certification traceable to the U.S. Bureau of Standards through a
secondary standard maintained by the Boeing Metrology Laboratory.

The tape recorder und reproducer is not included in frequency response calibrations performed
in the field. The tape machines are tested and certified by the Boeing Flight Test Laboratory for a
Mat frequency response when operated in the FM mode. Response at 30 in./see is flat from dc to
10 kHz.

DATA ACQUISITION PROCEDURES

The complete data acquisition system is shown in figure D-2. Microphones are placed in their
windscreens in an inverted position over a smoath concrete surface with the diaphragm 1/2 in.
above and parallel to the ground plane. The measurement point locations are shown in figure D-3
with respect to the nozzle exit plane.

Each microphone is calibrated to determine its sensitivity and then placed in the physical
configuration that is to be used for data acquisition. The noise floor of cachh channel is then
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determined and recordings made prior to the engine test runs. The noise floor of the B & K 1/2-in.
microphone systems used for this test is on the order of 10 to 15 microvolts clectrical output,
equivalent to 32 to 37 dB SPL overall. The recorded noise floor, however, contuins both clectrical
notse floor and acoustic ambient background noisc. The latter usually dominates the noise floor

recordings, particularly at frequencies below 1000 Hz.

Data recordings are made for 16 sec during a stabilized nozzle pressure rutio setting. The tape
recorded sample includes voice identification and an IRIG ‘B’ time code reference on track 14: A

written tupe log includes:

Run identification

Gain scttings used for recording cach condition
Time code at the start of the recording
Equivalent SPL of the calibration signal

Date. enginecr, und scrial numbers of recording cquipment and microphones
ACOUSTIC DATA REDUCTION PROCEDURE

Acoustic data recorded on 14-track analog tape was reproduced and analyzed in one-third
octave bands at Acoustic Laboratory fucilities in Seattle. The buasic analysis system, Tigure D-4,
consists of un analog tape reproducer, General Radio model 1921 one-third octave analyzer, time
code reader, PDPS-I computer, digital magnetic tape recorder, and associated monitor, control,

interlace, und peripheral service cquipment.

The operator controls the analysis through a teletype keyboard, used for entering calibration,
frequency response compensation, and measurement point identification information into the
computer. The General Radio analyzer includes a bank of 24 one-third octave band filters, covering
the frequency range of 50 to 10 kHz. The filters meet International Standard 1EC 225 and USA
Standard S1.11-1966 Class 111 requirements and are calibrated with both sine wave and random
noise inputs, The fruc rms detector section of the analyzer has a dynamic range of 60 dB and a
resolution of 0,25 dB. The square law response of the detector is verified by the “two sine wave”
insert method per [EC 179, par. 8.5,

Frequency response compensation and sensitivity calibration information are added to the
one-third octave band data in the computer and output on a digital magnetic {ape in a format
compatible with existing CDC-6600 computer software.

All components of the reduction system  arc periodically certified to manufacturer’s
speeitications by the Bocing Flight Test Calibration Luboratory.
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APPENDIX E

TABULATION OF PROPULSION

PERFORMANCE DATA
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APRI
AEFF
APRIH
APRIH?2
A¥*

2

Pl

TT

PT
Gamma
Z
REYN
ch

WA
W-Fuel
PTARE

FTARE

PERFORMANCE DATA OUTPUT NOMENCLATURE#*
cold geometric nozzle exit area, in.2
cffective primary area (discharge coefficient X the geomelric arca), in2
hot geometric area using a factor adjusted for the gas tcmpemt'ure, in.2
hot geometric ‘arca (cold geometric area adjusted by 2% f'o.r heat), in.2
throat arca of the sonic venturi, in.2
sonic venturi throat static pressure, psia
sonic venturi upstreant static pressure, psia
total temperature of airflow through venturi, °F
sonic venturj upstream total pressure, psia
specilic heat ratio of air flowing through venturi
compressibility factor based on venturi conditions
flow. Reynoids number at venturi
sonic venturi discharge coefficient
measured airflow rate, lbf/sec
burner fuel flow rate, Ibg/sec
rig static ture pressure used for force measurement tare adjustment, psig

force measurement tare adjustment due to rig static pressure, Ihe

*Listed in sequence encountered in following computer printout,

360




FX measurcd nozzle thrust, by

FCOR measured nozzle thrust corrected for ambient pressure, Ibs B
FIP isentropic thrust, Ihp

FIDL not used

PTN average split flow plenum entrance total pressure (PTI in test ptan), psia
TTN average split flow plenum entrance totul temperature (TTI in test plan), °F
PTI: average nozzle exit total pressure (P19 in test plan), psia

PTN/PAMB average split MMow plenum entrance total pressure ratio

TTN/TAMB average split flow plenum cntrance total tcrmperature ratio

WPRI measured airflow plus fucl flow, Ibg/sec

WCOR flow rate corrected to standard temperature and pressure

WSUM not used

WP iscntropic flow rate based on cold geometric area (Apri)= ]bf/sec

WIPH isentropic flow rate based on APRIH, Ib/sec

WIPH?2 isentropic flow rate based on APRIH2, tby/sec

VIP iscntropic velocity based on PrN/PAMB

GAMMAP spgciﬁc heat ratio based on TTN

ZP compressibility factor based on test nozzle conc_litions

cbr nozzle discharge coefficient based on PTN/PAMB and Apri

CDPH nozzic discharge coefficient hased on pTN/PAMB and APRIH
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CDPH2
cvp

Cy

cGp

CGPH
CGPH?2
CDPE
CDPEH2+*
CVPE#*
WIP
WIPEH
VIPE
GAMMAPE
ZPE

VEI

nozzle discharge coefficient based on PTN/PAMB and APRIH?2
nozzle velocity coefficient based on P'I‘N/PAMB

same as CVP

nozzle thrust coetficient based on PTN/PAMB (;md APR]
nozzle thrust coefficient based on PTN/PAMB and APRIH
nozzle thrust coefficient based on PTN/PAMB and APRIH?2
nozzle discharge coefficient based on PTNE/PAMB and APR]
nozzle discharge coclficient based on PTNE/PAMB and APRIH?2
nozzle velocity coelficient based on PTNE/PAMB

isentropic airflow rate based on PTNE/PAMB and APR]
isentropic airllow rate based on PTNE/PAMB and APRIH
isentropic jet velocity based on PTNE/PAMB

specific heat ratio based on nozzle exit conditions
compressibility factor based on nozzle exit conditions

not used

not used

] sed in final performance datz in figures 9 and 30,
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LADLOL 122 €/73

HOT NOZZLE TEST FACILITY

BUFFALQ SUPPRESSOR

NCZZLE MOISE TONE SOURCE ICEMTIFICATION

TEST 23937F - HNTF

INFUT CATA
RUN COND CATE
13. 1. 11074,
PRIMARY FLOW CATA
Az P2 F1
8.5519 39.642 124.678
FTARE FTARE FX
25.640 385  363.693

PFTN/FAME  TTN/TAME W1

1.185 995 25. 660
oe oPH TR
8853 8865 8685
e OFeHe CvrE

5644 <8455 9329

FRIMARY NZZLE TOTAL fRESSURES

1) 17,143 2Y 17.599 03

TEST ND
2393,

L)
35.980

FCOXR
361 .066

20.925

B631

WIFE
267

17.909

PRIMARY NEZLE TOTAL TEMPERATURES

1 am o ) »

NIZZLE EXIT TOTAL PRESSURES -~ FTNE

1) 12.350 2}
5) 16.490 &)

17.380 ¥
16.5ma N

NWRZLE STATIC PRESSURES ~ FSMNE

1) a2

17.23%
17.130

FAMB
14.802

FT
125.514

F1F
a21.371

25.6a0

B631

WIFEH
27.139

4) 17.73%

4) 31.90

4) 17.090
8) 17.210

CALCULATION CATE

TAME

1.4154

FIDL
421.371

WIF
28.964

VIFE
488.837

5 17.060 €)

5 H.05%0 6

2/19/
AR1 AEFF
S2.400  B1.858
z REYN
9954 1334283,
FTN TIN
17.533 31.633
Wi WiFH2

28.9335 29.544

C6rH o2
. T655 7497

1.4027 L9993
17.34G

.93

T4

1.02 AFR]
AR IH AFRIHZ2
92.299 94.248
@ WA W-FLEL
.9939 25,6593 L0000
FIE
17.107
VIF GAMAF Zr
528,341 1.4075 9933
Vel VEZ
Exki] 000
7 17.659 8) 1r.am
7} el B) dissipke 9) 31,890 10)

b X1 4]
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LAESGS 127 6773

HOT WOZZLE TEST FACILITY

BUFFALO BUFFRESSOR

NOZZIE NOISE TONE SOURCE TCENTIFICATION

TEST 2399TF - HNIF
INFUT CATA
RUN COND
13, 2.

PRIMARY FLOW DATA

Ak F2
8.5519 5032
PTARE FTARE
35. M0 - 535

PTN/FAMB  TTM/TAME

1.209 594
far o G
952 8964
Cre COFEHR
85 L9805

PRIMARY NOZZLE TOTAL FRESSURES
19.647

1} 18.728 o)

CATE
11074,

156.851

562.188

W1
32.237

B176

QVirE
9355

3

TEST NO

TT
37.320

FOR
558.159

24.208

8724

WIFE
33.314

19.857

PRIMARY NCEZLE TOTAL TEMPERATURES

1) 3R.3m 2 %

3

NEAE EXIT TOTAL PRESSURES - FTNE

£ 18.508 2}
51 17.589 &

NIZZLE STATIC FRESSURES -~ FSNE

1) s 2} %

18.818
18.199 n

3)

ig.568
18.329

FAMB
14 .62

FT
157.903

FIp
644 .416

32.297

BTad

WIFEH
33.981

4) 19.363

4) 31.2%0

4) 18.408
8} 16,588

CALCULATION CATE

TaE
34,20

1.4242

FIfL
644.416

WIF
36.079

(<o
-1810

VIFE
5a8.637

5 18.438 6)

5 L.ED 6

APRL AEFF
S2.400 B2. 716

F4 REYN
<9534 15135950,
FIN TN
19.077 31.317
Wi wWIRE
36,030 36.500
<o e
« TR - TG657

GAMMAFE 2ZFE
1.4023 <9993

18,38

2.00

2/19/74

n

1.02 ARkl
AFRIH AFRIMZ
%*.276 94.248
o w W-FUEL
B L) 32.2974 O
FTE
18.436
VIF GAMMAP r
641,955 1.403G L9553
Vel ve2
faanl s
i8.8868 B) 19.178

T) deimioioick 8) diniinst: §)

31.150 1}

X5.650
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LALSSE 127 6713
HOT MRZLE TEST FACILITY

BLFFALO SIFFRESSOR
NEZZLE NOISE TONE SOURCE ICENTIFICATION
TEST 2393TF -~ MNIF

TNFUT CATA
RUN aa 15l CATE TEST NO FAMB
13. 3. 11074, 2393. 14,802
PRIMARY FLOW CATA
Ax P2 P1 ™ 41
8,.5519 86.822  181.275 33.360  182.491
FTARE FTARE X FOR FIF
43 . €90 <655 740.7TS  TAS.4E9  842.132
PTNFAME TTN/TAMB Wl WoR WELM
1.388 KT} 37.338 25.983 37.339
o @ e -CVF v
890 JE974 8784 8796 8796
OFE TFEHZ OFE WIFE WIFEH
S674 9484 9384 38.553 39.37

FRIMARY NR2LE TOTAL FRISSURES
1) 19.877 2y Z;.TWEe 3 21.P65 4) 20.766

FRIMARY NRZLE TOTAL TEMFERATURES
1) Jo.sma 2} 3 ¥ 4 W80

NIZZLE EX1T TOTAL FRESSURES - FTAE
1) &O.307 2y 20.227 3 19.897 &)
5) 18.518 6) 19.487 T} 19.7AT7 8

19.637
19.837

NOENLE STATIC FRESSURES — FPSKhE
1) 2} ekiisc

CALCU ATION DATE

WP
41.672

G

VIFE
30,201

2s19/14
AFR1 AEFF AR IH
2. 480 82.731 =2.257
Zz REYN =¥
9938 17487728. 341
FTN ™ FTE
23.543 M.2ao 19. 767
WIfH WiFe2 VIF
41.6G58 2.96 T25.650
e ot
- TE0 TR2T
CAMMARE 2FE VE1
1.4031 9952 OO

51 19.77 &

5) 30.30 6

&0.167

1.02 AFRI
AFRIH2
54.248

WA W-FUEL
37.3386 0000

GAMHAS ZF
1.4033 9902
vEZ2
00

N &A.626 8. .96

3.250 N

8) 9 XD
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LAES9S 12/ 6s73
HOT NOZZLE TEST FACILITY

BUFFALG SUFFRESSCOR
NOQZLE NOISE TONE SOURCE IDENTIFICATION

TEST 2399TF - HNIF
INPUT DATA
RUN CONE BATE TEST NO FAME TAMB ARI
i3. L 11074, 2393, 4. 002 34.25 S2.400
PRIMARY FLOW DATA
Ax F2 P T FT GAMMA F 4
B.53519 or7.532 ZO3.517 38.860 a04.831 1.4312 2953
PTARE FTARE Fx FOOR FiP FloL FTN
0. 260 754 T17.706 911.128 1035.853 1G35.853 22.010
PTN/FAMD  TTN/TAMB w1 WOCR WELM WP WIFH
1.487 S04 41.951 27.24¢6 41.951 46,554 46.473
P fen s, ] oA (o [a ) CoF CGRH
9011 a2t 8835 .BA59 8459 . Ta83 7997
=2 o2 TFeHE CVFL WilFE WIFER VIFE GAMMAFE
9684 B-Ti=t L9354 43,3245 44,186 T49.203 1.4033

PRIMARY NOZZLE TOTAL PRESSURES
1) 21,166 2) 22.355 3 23.114 4y 22.474 5 ALESS €]

FRIMARY NZZLE TOTAL TEMFERATURES
1} 3100 2 3) s e 4) 2.0 5 30.0m 6

NOZZLE £XIT TOTAL FRESSURES - PTHRE
1) 21.645 2} 21.665 I 21.256 4} &I.SE6
3y 19.667 & .6 T» Z.996 8) 21.216

NEZLE STATIC FRESSURES - FSNE
1 21 *

CALCULATION CATE

2r19/74
1.02 ARL
AEFF ARIH  APRIH2
83.264 92.240  94.248
REYN @ W WRR
19651250,  .9943 41,9566  .0OOCO
TN FTE
M.053  21.016
wise  VIF GAMMAF 2r
47.485 794,448  1.4035 9991
whe
7827
zFE Vel vez
£1.306 71 Z2.105 B) Z2.544
32010 7 sk 8) %) 3.T0 1D)
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LACS59S 12/ €/T3
HOY NOZILE TEST FACILITY

BUFFALO SUPPRESSOR
NIZZLE NOISE TONE SOURCE TCENTIFICATION

TEST 2399TF - HNTF

RUN oD FIN/PAHB  TTN/TAME DF
13. 1. 1.185 9935 .B859
13. 2, 1.289 54 «8952
13. 3. 1.368 954 B9
13. 4. 1.487 894 9011

vz CGPH2 COFE CLPEHe Qv
8685 L Fag? V9644 9455 9329
Br76 -TEST <9655 9005 9355
8184 727 9674 9484 .9384
-8835 . T827 -9684 5494 -9394

CALCULATECON CATE

orH
8889

E974
SR27?

AFRIH2
94.248
94,248
94.248
94.248

CVP
8631
8724
BT96

2/s19/, 14

8631
8724
5796
.Ba53

CoP

JT646
.781D

CGRH

. 7655

19T

AFRIH

92,299
92.276
ge.257
92.240
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LAES9S 127 &/73
HOT NOZZLE TEST FACILITY

BUFFALQ SUFFRESSCR
NRZLE NOISE TONE SOURCE ICENTIFICATION

TEST 2399TF -~ HNIF
LNFUT DATA
RUN oD CATE TEST NO FAMB
14. 1. 11074, 2399, 14.6800
PRIMARY FLOW CATA
A e F1 iy PT
8.5519 348.110 T9. 705 34.750 80.239
FTARE FTARE FX FCOR F1p
19.490 292 30.D48 3I57.515 413.367
FINFAMB  TTW/TAMB WAL WOCR WELM
1.181 2.387 16.397 20.791 16.397
[=e.3 OCFH a2 e o
8838 8785 8724 BT0 B0
OFE CoFEH2 CVFE WIFE WI1FEH
9713 .9523 .9443 16.881 17.219
PRIMARY NRZLE TOTAL FRESSLRES
1) 16,818 2) 17.457 3 18.087 4} 17.937
PRIMARY NEZZLE TOTAL TEMPERATURES
1) re9.4ma @) s 3) 4) T20.000
NPZLE EXIT TOTAL FRESSURES - FTHE
1) 11328 2 17.358 B 17.188 &) 17.008
5 i6.39 6 16.858 T 17.068 8) 17.158

NOZZLE STATIC PRESSURES - FSNE
1) soieismek 2

CALCULATION LaATE

TAMB
34.25

1.4125

FilL
413.367

Wi
18.428

<P
ITIS

VIFE
728,145

5 16.708 &)

5) WT.000

2/19/74

APRY AEFF
2. 400 82.218

2 REYN
8-S Tealdil.
FIN TIN
17.474 T19.250
Wi WiFHe
18.566 18.796
CGRH P2
. T651 7098
GAMMAFE ZFE
1.3712 10610

1628 N

6] Teo. 8 7

1.02 AFRI
ARIH AR IR
93.594 94,248
@ WA W-FUEL
et 16,3604 G167
FTE
17.0639
VIF GAMMAP ZF
811.059 1.3716 1.00MG
vEl vEZ
D plaeel
17.457 &) 18.37
8) & 9 7X0.820

i06) 7o8.800
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LAGS95 127 E/73
HOT NOZZLE TEST FACILITY

BFFALO SUPFRESSTR
WXZZDLE NOISE TOME SOURCE IDENTIFICATION

TEST 2399TF - HNTF
INFUT DATA
RUN COND CATE TEST NO
14, 2. 11074, 2399,
PRIMARY FLOW DATA
Mk F2 P T

8.5519 43.550 91.145 35.080

PTARE FTARE Fx FCOR
24.640 370 488.510  485.074
PTN/PAME  TTN/TAMB WK1 WOl

1.249 2.468 18.758 22.865

(o0 A TR (A"
8846 8730 B673 8817
[=+ 239 oreHR CvirE WIFE
9686 L4906 9564 19.367

PRIMARY NOEZLE TOTAL PRESSLRES
$) 17.617 2) 18.486 3 19.615

PRIMARY NZZLE TOTAL TEMPERATURES
1} 769.51 2] 3

NCRZLE EXIT TOTAL FRESSURES - FTNE
1) 18.257 2) 18.337 3 18,067
%) 16.858 € 17.807 T 17.877

NCEZLE STATIC PRESSURES - FSKE
1) 2} Aeleieioik

CALCULATION DATE  2/19/74

FAMB TAMB APRT AEFF AFRIH
14.800 .30 82.400 B81.740 93.635

91.756 1

FiP

GAMMA F4 REYN (a9
24142 9966 arstiga. 9937
FICL FTN TN FTE

554.085 554.085 18.433 759.283 17.661

18,758

8817

WIFEH
19. 754

4) 19.335

4} 755,800

4) 17.647
8} 18.0G7

WIF WIFH Wl VIF
21.204 21.468 21.629 955.366

1.02 APRL
APRIR2
94.248

WA wW-FUEL
18. 7364 0197

1.374 1.0008

C6P CeH e
LTS P97 . T546
VIFE GAMMAFE Zre VEL vE2
875,131 1.3%7 1.018 eyl LO00G
5) 17.547 6y 417.657 T 18277 8) 19.326
ek 8}

5) 7SO &) TAO.OG T %

9) 758.500 16} 751.a:n‘
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LAES9S 127 6/73 CALCULATION DATE  2/19/74
HOT NOZZLE TEST FACILITY

BUFFALO SUFFRESSCR
MOZZLE NOTSE TCHE SOURCE TCENTIFICATICH

TEST 2399TF - HMIF

INPUT DATA 1.02 AFPR1
RULM COND CATE TEST NO FAME TAMB ARI AEFF ARRIH ARRIHZ
14, 3. 11674, 2359, 14 .80 34.40 9. a0 B1.914 83,659 54.245

PRIMARY FLOW DATA

Ak 2 F1 L1 FT GAMMA F 4 RETN [=2] WA W-FUEL
8.3519 495.00  102.53 35.560 103.221 1.4160 oot 9884290 . .9338 21.0835 0237
PTARE FTARE FX jaa FI1P FibL PTN TIN FTE
30.140 452 633.968 €29.509 T16.701 Ti6.70t 19.662 &1.450 1B.879

PTWFAME  TTWTAMB Wl WOCR WELM WIF Wit W PHR VIF GAMMAF F

1.329 2.569 21.107 24.689 a21.107 &3.500 24.141 24.285 1052.477 1.3686 1.00065

o OfH . e o o GF CoH o2

J£865 J&T4S Ba9 8846 JBB4G .Ta4z LT3 7688

COPE DFEH2 OFE WIFE WIFEH vVIFE GAMMAFE ZFE VE3 vEZ

- 5664 -9474 526 21.841 22.27T™8 1013.411 1.3678 1.0005 firasl 0

PRIMARY NCEZLE TOTAL PRESSLRES
1) 18.476 2) 19.425 31 21.024 4) 20.884 5) 18.456 €} 18.€06 T) 19.485 8 20.984

PRIMARY NORZLE TOTAL TEMPERATLRES
1) &&0.51  2) b 3) ool ¥ 4y 80600 5 0.0 6 BN, T 3= 8) 9) 807.60 10) 8035 .20

MCPILE EXIT TOTAL FRESSLRES ~ FTNE
1) 19,346 2) 15.485 ¥ 19.166 4) 16.85
5) 1r7.637 €} 18.566 7} 18.856 8) 19.G85

NOEZLE STATIC FRESSURES - PShE
1) e a2)
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CALCLLATEON CATE  2-/19/74

LAESSS 127 B/73
HOY NOZ2LE TEST FACILITY

BUFFALO SUFRESSOR
NIZ2LE HJISE TONE SOURCE IDENTIFICATICN

TESY 2399TF -~ HNIF

INCUT DATA =
RN oo GATE TEST MO FANE THE
14. 4. 11074, 2395, 14.80 34.40

FRIMARY FLOW CATA
As 23 F1 L FT GAMMA

8.5519 53.390 111.7&9 36.0°0 112.478 1.4174

FIARE FTARE FXx FOR FI1F FICL
34, Tan 21 774.559 759.111 658.681 855.681
FIWFAMB TINTAME Wil WOOR WL WIF

1.405 2.6 23.003 25.966 2373 25.181

F oAH [ar2, o CVWF v CoF
L3 B7S4 8748 EN6 5916 7956
CFE OFEH2 (=% WIFE WIFEH VIFE
JO656 S467 95349 23.822 28.299 1136.251

FRIMARY NEZLE TOTAL FRESSURES
1 19.%6 2) Z|.275 3 22.373  4)

FRIMARY NPZLE TOTAL TEMPERATURES
1) 875.08  2) I ]

NOZZLE EXIT TOTAL ARESSURES - PTRE
1) 20.414 2) =.574 3} ;225 4) 15.895
s} 16.416 6) 15.555 7} 19.925 &) 20,115

NZAE STATIC FRESSLRES - FPSME
1) 2

AFR1 AEFF
a92.400 B82.445

Z REYN
L9959  10767762.

WIFH Wi
26,153 26.297

€GP CLFHZ
.T841 - 7600
GAMMAFE IrE

1.3656 1.00E

22,422 5) 19.356 € 19.495

&) 859.8900 5 854.000 6) BTE.SD

1.02 AFRL
AFRIH ARRIHZ
93.753 94,248
w W WREL
9938 22.9756  .CRT6
PIE
19.890
VIF CAMMAR z°
1214.952  1.3666  1.0002
VE1 vez
K0 Ko
N .54 @) 22.5%
7) dooopkl 8}

9) 859.400



TLE

LALSSS 127 6r13
HOT WORZLE TEST FACILITY

BUFFALC SUFFRESSCR
NOZZLE NOISE TONE SOURCE IDENTIFICATION
TEST 23997F - HNIF

INPUT CATA
Rum CCND DATE TEST NO
14. 5. 11074. Z399.

PRIMARY FLOMW DATA
AN P2 <) w
8.5519 57.170 119,549 36,400

FTARE FTARE FX FOR
39.190 .588 910,932 S04.525
PFTFAME  TTN/TAME WRI1 WoOR
1.481 2.72 24.617 26.919
€Tr [us 2] o2 CViF
L8977 -B841 A0 8355
DFE oFe CVPE WIFE
9644 5455 ~OTH 25.526

FRIMARY NJZZLE TOTAL FRESSURES
1) Azes 20 21.2714 3 23.56

PRIMARY NCEZLE TOTAL TEMPERATURES
1) 937. 8001 2} dedeeiolr 3

NEZLE EXIT TOTAL FRESSURES - FTNE
1) 21.563 2) 21.733 3 21.274
51 19.256 6) 20.5%4 7 20.974

NCZZILE STATIC FRESSURES - PSNE
1} awielix 2)

CALCUL ATICH CATE  2/19/74

1.02 APRI
PANE TAMB AFR1 ALFF AFRIH APRIHZ
14 .8500 34.65 2. 400 62547 a3.822 91,248

FT GAMMA 4 REYN T WA W-FUEL
120,350 1.4185 9556 11519098, 9939 24.5857 - .O0MS
FIP Fio. FiN TN PTE

1017.267 1G17Y.267 21.924 92667 &.938

24.617 27.423 27645 27.971 1329.528 1.3645 1.4010

v <y G [ees 03
8955 B3 B 7881
WIFEH VIFE GAMMAFE 2FE Vel vE2
26.036 1253.034 1.3635 9539 Roxal flakal

4) £3.691 5 20,235 B A.454 7y 2.T33  B) 24.161

4) |2. 50 5 916.60 6) 938,650 7) WeReber B) ¥ 9) 913.510 1G) 91100

4 Z.904
8) 21.24



ELE

LABS9S 127 &/T3
HOT NCZZLE TESY FACILITY

BLFFALD SUFFRESSTOR
HOZZLE MOISE TONE SOURCE IDENTIFICATION

TEST 2333TF - HNTF

RUN COND FIN/FAMB  TTN/TAMD
14, 1. 1.181 2.387
14. 2. 1.249 2.468
14, 3. 1.329 2.569
14. 4. i.405 2.678
14, 5. 1.481 2.792

ToPH2 cohe OTFE TreHe
8724 7558 9713 9523
BE73 - 7646 .9686 9495
8691 . rens 9664 G474
8748 - Te0D 9656 JO487
8801 «TeR1 9644 458

(=0

8846
8865

JS97T

L9564
9536
9534
9501

CALCULATICON CATE

8785
BT30
8743
BT

APRRIHE
94,248
54.248
84.248
94,248
84.248

8710
8817
8846
BHE
8955

2718774

810
«B81T

8916
8955

CGF
STTE
TP

1956

C6PH
- T651
7697
T
- a4
-1917

APRTH

93.534
93.635
93.659
93.753
93.622



FLE

LALSSS 127 6,73
HOT NJZZLE TEST FACILITY

BUFFALD SUPFRESSOR

NOZZLE NOISE TOME SOURCE IDENTIFICATION

TEST 2I99TF -~ HNTF

INPUT DATA
RUN COND CATE TEST MO
15. 1. 11174, 399,

PRIMARY FLOW CATA
Ak P2 PL L
8,5519 59.9%5  125.519 .05

PTARE FTARE FX FCCR
25.900 +389 369,771 368.041
FTN/PAME  TTN/ TAMB Wil WCCR
1.196 B e5.998 20.919
DF oA e vF
8681 JBe2 8510 +BABS
LS2E0 9079 8998 28.075

FRIMANY NCEZLE TOTAL PRESSURES
1) 17.233 2) 17.742 3 8.2

PRIMARY NZZLE TOTAL TEMPERATURES
1} 26.000 2) %Rl 3 eiieisleisk

NOZZLE EXIT TOTAL FRESSLRES — FTNE
1) 17.253 2) 17.472 3) 17.293
5} 17.173 6) 1T.432 T 17.3%

NOELE STATIC FRESSURES - PShE
1} 2}

CALCULATICN DATE 2719774

TAME
26.30

1.4232

Fli
435.819

WIiF
29.950

. 7365

VIFE
33,551

AFR 1 AEFF ARRIH
S2.400 £0.210 92,285

2 RETN 2]

1.02 AFR1

APRIHZ
94,248

WA W-FUEL

“9951 12321138, 9339 25.9584 0o
FiN TN FTE
17.665 25.517 17.309
WIFH WIFHZ VIF GAMMAFP v
25.%12 0.549 539.341 14029 9993
C6PH luc i
T374 |
GAMMAPE 2FE VE1 vez
1.4028 29993 L0 Raang

5 17.233 6) 1T.432 7)) 17.842 8) 17.9R

5 5.0 € 2600 7 % 8) 8) 25.90 10




SLt

LALS95 127 €/73
HOT KOZZLE TEST FACILITY

BUFFALO SUFFRESSOR
NOZZLE NOISE TONE SOURCE IDENTIFICATION

TEST 2399TF - MNTF
INPUT DATA 1.02 A1
RUN COND CATE TEST NO PAMD TAMB AFRY AEFF APRIH APRINZ
15. 2. 11174, 2399 14.765 26.60 S2.400 80.837 S2.264 94,249
PRIMARY FLOW CATA
Lo F2 P1 R PT GAHNA F REYN w© L] W-FlLEL
8.5519 r3.525 153.612 30.825 154.8427  1.4246 -9941 15093684, 9540 31.8463 Rreal
PTARE FTARE FX FOR F1f FICL FTN TN FTE
34.640 520 546.280 2 543.T724 633.321  &3.321 19.063 24.783 18.551
PTH/FAMB  TTN/TAMB W1 WCCR WSUM WP WIFH WiFHR VIF GAMMAF Zr
1.291 936 31.846 23.727 31.846 36.375 36.321 3T 639.837 1.403 - =
Lar fas 2} o2 VP v CGF A o2
8755 8768 8583 8626 8626 T552 T563 <7404
= o TFe2 oFE WIFE WIFEH VIFE GAMMAFE IFE VEL vEZ
9342 9158 SS1ES 34,051 34.773 €04.581 1.4030 S5 OO0 JLED
PRIMARY NCEZLE TOTAL FRESSURES
1) 18.7it &} 19.850 3) 15.840 4) 19.360 5} 16,4014 6) 18.535: T @821 &) 15.1%
ARIMARY NCEZLE TOTAL TEMFERATURES
1) 26.000 21 wEReE ¥ EeEEEr: 4) 260 5 3.8 6) 25.5m T 83 9}
NRZZLE EXIT TOTAL PRESSURES - FINE
1) 18.451 2) 18.741 3 18.481 4) 18,421
5 15,362 6} 158.681 N 18.681 8) 1B.421

NCEZLE STATIC ARESSURES - PSNE
1) 2)

CALCULATION CATE

2/19/74

a5.000 1o

£3.800




9Le

LABSSS 127 6/73

HOY NOZZLE TEST FacCliliy

BUFFALQ SUPPRESSR

NOZZLE NOISE TOME SOURCE ICENTIFICATION

TEST 2399TF -~ HNTF
INPUT DATA
RUN oot CATE
15. 3. 11174,
PRIMARY FLOW CATA
Ax P2 [}
8,3519 8T.045 181.798
FTARE FTARE Fx
43 .880 658 T51.682
FIN/FAME  TTN/TAME WR1
1.2 995 7. 745
<DF Lo o2
L8850 8866 8677
OFE TR Ot
9593 9214 8216

TEST NO
2399.

i

31.075

FCCR

FPAMD
14.765

BT

183.017

FIp

T45.164  857.7M4

WoCR

25.866

8764

WIFE

43,161

FRIMARY NOEZLE TOTAL FRESSURES

1) 20.030 o 21.059

3

21.368

PRIMARY WCRZLE TOTAL TEMPERATURES

1) 24.20 2)

3}

NOZZLE EXIT TOTAL FRESSLRES - FTNE

1} 19.9%0 2)
) 19.550 6}

20.320

3)

19,936

a.240 N 20.130

NCZ2LE STATIC PRESSURES - PSNE

1) )

4

4)

4)
a)

37.745

.B764

WIFEH
40 .964

20.869

19.85]
19.860

CALCULATION DATE

TAME
26.40

1.425%

FItL
B57.704

WIF
42,649

CGF
T756

VIFE

@5.235,

AFR]
2. 400

2
9831

WA
42,575

CeRH

5 19.8a0 ©)

5 23.0D 6

2719714
1.02 AFRI
AEFF AR IH AFRIH2
81.777 92.242 94.248
REYN Lan WA wW-FLUEL
1I9074665. 9942 37.7453 Babnb]
TN FIE
23.86T L.017
Wz VIF GAMMAP ZF
3.5 BI04 1.4 9931
e
< TEM
ZiE vEl vEZ2
9332 000 000
2027 7)) X909 B 21.269
4.2 T &xioekbr 8 9} Z3.&0 1)



LLE

LAGS9S 12/ 6773 CALCULATICN CATE  2/19/74 |
HOT NOZZLE TEST FACILITY

EUFFALO SUEFRESTER
NOZZLE HOISE TONE SOURCE IDEMTIFICATION . {

TEST 2399TF -~ MHNIF
INFUT DATA 1.62 AFRI J
RUN CoND BATE TEST N FAMB TAMS AFR1 AEFF APRIM AFR I
15, 4. 11174, 2359,  14.765  26.50 92.400  82.559  S2.223. 84.248 |
PRIMARY FLOW DATA |
A P2 P ™ FT GAMMA 2z REYN @ W w-FUEL :
8.5519  97.745 DA.169  30.925 205.538 1.4327 O3 2NEG. L9943 42,4554 .OoIm !
FTARE FTARE FX FOR FIP FIDL PIN TN FTE :
20,410 J756  S526.084  921.750 1051.862 1051.862  22.175 23.000  21.35
i
PINFAME TTWTAME  WRI WOR WM WIP Wi Wi vIF GAMMAR 2r
1.502 993 42,455  27.142 42,455  AT.516  AT.A25  48.466 197,133 1.4037 991 |
e e e o v oGP C6rH whe
8938 .8952 8760 .5804 BEM . TB67 .reEz .z
oFE @eRE OFE WIFE WIFEH VIFE GAMMAFE  ZPE VEY vez? [
1

<9455 9274 8220 44.882 45,773 761.215 1.4535 9591 flx o] 00 : ’

PRIMARY NOZZLE TOTAL PRESSURES ‘
1) 21.448 2) Z=:@.&87 3 2Z3.057 &) 2O % 21168 6 2.8 T 22.288 8) 2.7 |

PRIMARY NOZZLE TOTAL TEMPERATURES |
) Z3.40 2 3} a} 23403 %) Z2.AD &) Z.an B) HEkiE%  9) IGO0 10§ 22.M10

HZAE EXIT TOTAL FARESSURES - FTNE ‘
1 21.266 2) 21.708 3 21.249 4y 2.189 ‘
5 .05 6 2.5 TN 21.558 8) 21.199 .

NEZLF STATIC FRESSURES - FSNE
1} 2) ‘




8LE

LALS9S 127 €773
HOT NOZZILE TEST FACILITY

BUFFALO SUFFRESSOR

HOZZLE NMISE FONE SOURCE TLENTIFICATION

TEST 23997F

RUN
is.
15,
18,
15,

8310
JB8583
.B677
-AvED

- WNTF

P
-T224
« 7404
- TEG4

FIN/FAME TTN/TAMG @F

1.196
1.291
1.402
1.502

S260
~9342
9393
8459

998
996
<995
993

-9G79
9158

5274

.8681
«B755
B850
8935

CALCLLATION CATE

AFRIHZ
94,248
94,248
21.245
94.248

2/19/74

-B626
8764

P

.7552
JTIT56
.Tae7

C6FH
T374
.T563
-TTO

AFRIH

92.285
92.264
92.242
92.223



6LE

LAESSS 127 &/73
HOT NOZZLE TEST FACILETY

BUFFALO SUFFRESSCR
MRZZLE  NOISE TOHE SOURCE 1CENTIFICATION

TEST 2399TF - HNTF
INFUT DATA
RUM NG CATE TEST NO  FAMB
16. 1. 11174, 2399. 14.764
PRIMARY FLOW DATA
A% P2 (21 ™ FT
8.5519 36.074 75.639 25.825  BO.173
PTARE FTARE FX FCOR F1F
19.580 204 359,266 357.6080 412.062
PTN/PAME  TTN/TAME WKL (¥ <'s W5LM
1.179 2.387 16.538 20.650  16.536
s et R oW v
.89a2 885 876 879 8719
OFE R OVFE WIFE WIFEH
9592 54034 seaz ir.es 17.586
PRIMARY NCEZLE TOTAL FRESSLRES
1) 16.79%2 2) 17.391 3 18.021 4 1T.621
FRIMARY NEZLE TOTAL TEMERATURES
1) 06,51 2) 3 4) 3.0
NCPZLE EXIT TOTAL FRESSURES — FTNE
1) 17.0d42 2) 17.252 3} 17.032  4) 16.95
5) 16.902 € i7.i72 7 17.182 B 17.012

NXRZLE STATIC PRESSURES - PSNE
1) 2

CALCLATION BaTE

TAHS ARRI
26.50 S2.400
GAMMA 2
1.41M 9967
. FIIL FTH
412.062 17.409
wiF WIFH
18.454 i8.686
e e CGiH
-7513 TTLT
VIFE GAMMAFE
753028 1.3724

5 16.742 6}

5) &2.00

6) Ms.&0 7}

2719714

1.02 AFRI

ALFF AFRIH ARRINZ

82.804 93.%%9 94,248

REYN [s s} W wW-FUEL
TBEOT766 9937 16.5216 016

™ FTE
ND.617 17.068

Wi vIF GAMMAP zr

18.623  BGL.66% 1.3727 1.012

ceRe

.TeAD

FE VE1 vER

1.o12 .om I
16.862 T A7.401  B) 18,241

----- 8) 9) Mi.40 10 &2.00




08¢

LADSOS 12/ &/73
HOT NOZ2LE TEST FACILITY

BUFFALO SUFFRESSOR

NGZZLE NOISE TOHE SOURCE ICENTIFICATION

TEST Z399TF -~ HNTF
IMPUT DATA
RUK COND CATE TEST NO
1€. 2. 11174, 2399,
FRIMARY FLOW DATA
Ax P2 Fi w
8.5519 44.074 92.322 o6.410
FTARE FTARE X FOR
25.440 382 So4.588  mo2.2T
FTNFAME  TTIN/TAMB W1 WoCR
1.257 2.505 19.177 &3.267
fus T+ e (a0
SB35 8708 BTG BTBG
COFE FeEH2 OFE WIFE
9552 9365 5338 arorr
PRIMARY NZZLE TOTALL FRESSURES
1) 17.671 2} 18.550 3 19.669

PRIMARY NEZLE TOTAL TEMFERATLRES
1} TEE.BHI) 2] el 3}

NOZZLE EXIT TOTAL FRESSLRES — FTNE
1} 18.G31 21 18.321 3 17.991
3) t1r.e;n 6 18.731 N 18.201

NRZLE STATIC FRESSURES — FSNE
1) % 2) ek

FAMNE
14,764

FT
52.941

FIp
574 .695

WELM
19.177

~BTED

WIFEH
20.478

4) 19.459

4) 756.900

4) 17.90%1
B) 17.951

CALCULATION DATE

TAMB
26.75

1.45151

FloL
574.695

WiF
21,511

VIFE
S06.617

5 17.631 6

2/19/74
1.02 AFRI

APRT AEFF AFRIH AP TH2
82.400 82.375 93.629 94.248

F4 REYN as} W W-FUEL
“S9E2 9121788, 9937 19.1567 L0203
FIN TIN FTE
18.564 T58.70 18.065

Wi FH WIFH2 VIF GAMMAP Fig
21. 17 21.941 964.187 1.3m5 1.0008
CGPH ez

L1725 - T674
GAMMAFE ZFE VE1 VEZ
1.370 1.0008 XD L0

17.711 T 18.361 8) 15.479
5 751.60 &) TS8O0 T 8) 9} 757.500 1w T52.000




18¢€

LAESDY 12/ 6/73 CALCUWLATION DATE  2/19/74
HOT NOZZLE TEST FACILITY

BUFFALD SUPFRESSR
NOZZLE HYSE TOME SOURCE IDENTIFICATION

TEST Z309TF - HNTIF
INFUT DATA 1.02 AR}
AUN /o ¥ DATE TEST NO  PAMB TAMB AL AEFF AFRIH APRTH2
18. 3, 11174, 2399, 14,764 27.00 92,400 82.531 93,694 94.248
PRIMARY FLOW CATA
A% P2 Pl 12 PT GAMMA 2 REYN Las] A wW-FUEL
8.8519 48,634 101.728 27.375 102,410 1.4168 8950 10034351, 8938 21.05992 .0238
PTARE FTARE FX FCOR FiP FIoL FTN TIN FTE
30,030 A4S0 634,049 631.125 TN15.17  TI5.717 19.587 811.617 18,9665
FIN'FAME TTN/TAMB Wkl WOCR WELM WIF WIRH WA vip GAMMAF zr

1.327 2.612 21.123 24.812 21.123 23.649 Z3.580 24.122 10890180 1.3685 1.0065

=t o T2 ovF o e G oS 22

8932 -] 8757 8859 8559 .T7913 By, ax .T758

OFE (22 23~ CVFE WIFE WIFEH VIFE GAMVAFE IFE VEL vE:
9529 8342 9372 22,166 22,610 1635492 1.3679 1.0005 O Raeal

PRIMARY NIIZLE TOTAL PRESSURES

1) 16.390 21 19.290 3) 20.908 4) 2ALE® 5 18.416 6 1850 N 19.379 8 &Z.98

PRIMARY NEZILE TOTAL TEMFERATURES
1) B16.400 2}

MOEZLE EXIT TOTAL FRESSURES = FTNE
1) 18.930 2} 19.30 3 i8.920  4) 18.8X
5 18.730 & 19.a&) T 19.15 8) 18.880

NCZZLE STATIC PRESSLRES - FSNE
1) ik 2]

3) A 4} BO5.013 5) oA 6 815,40 7 @ 8} BF 9} 805.30 10) 27 )



i8¢

LAESS5 127 6773

HOT WORZLE TEST FACILLITY

BUFFALOD SUPFRESSCR

MOZILE HOISE TOMNE SOURCE ICENTIFICATION

TEST Z399TF - HNIF
INPUT DATA
RN COND CATE TEST MO
16. 4, 11174, 2399,
FRIMARY FLOW CATA
A% 2 [ La3
8.5519 53.484 111.833 28.575
PTARE FTARE FX FCR
35.410 531 ’»:9.189 M5.549
PTN/FAMB  TTN/TAMB W1 WK
1.418 2.748 23.a8 26.156
DF as ¥l oRe oF
89353 8802 8758 .Baat
COFE OFH2 CVFE WIFE
9509 9322 93138 24.408

FRIMARY NRZLE TOTAL FRESSERES
1) 19.435 2} Z.4ae8 3 22.456

PRIMARY NCRZLE TOTAL TEMFERATLRES
1} esr.€0 @) ok 3) %

NOZZLE EXIT TOTAL FRESSURES - FTNE
1) Dax 2 V.48 3 .09
3 198399 6 20448 T .49

NOZDE STATIC PRESSURES ~ FSNE
1} 2} =

CALCULATION DATE 2759774
1.02 ARRT
FAME  TAMB APR1 AEFF ARRIH  APRIFR2
14,764 26.90 92. 400 82.343 9.772 94,248
FT GAMMA z REYN e} W wAe
112.562  1.4161 B556 11066439, .9938 234 0286
FIP FICL FTN ™ FTE
892.650 B92.650  20.938 671.566  25.190
WELM WF WIFH ape  vIF GAMAAR P
s 2590 26,356 6.9 1237.467  1.3660  1.00R
o CoF CoFH coRE
.8841 . 7898 TI82 7743
WIFEH  VIFE  GAWWE  ZFE VE1 vez
24.697 1174.106 1.3653  l.00@ .ax an
4) 22.436 5 19.449 6 $9.649 1 2758 B 22846
4 8TI.O0 P 80.0 6 ESS.AD N 8) 9) 875.00 10) 824.00D
4} 19.91
8) 20.039



12:1%

LADSS5 127 673
HOT NOZZLE TEST FACILITY

BUFFALO SUFFRESS(R
NOZZLE MOISE TGRE SOURCE I1DENTIFICATICN

TEST 2399TF - HNIF
INFUT CATA
RLN COND CATE TEST NO
16. 5. 13174, 2399.
PRIMART FLOW DATA
AX P2 Fl1 ™

8.5519 87.224 118.672 29.45%

FTARE FTARE Fx FooR
35.570 534 021,226

PI/FAME  TTR/TAME Wil WOR
1.484 2.805 24.826 27.010

P (=] [ab 5 CvF
-B5938 8864 B821 L2006
oPE {Crere CVFE WIFE
8575 9342 .S444 26.052

FRIMARY NOEZLE TOTAL FRESSURES
1) o0.223 2) 21.258 3} E3.595

PRIMARY NCZZLE TOTAL TEMFERATLRES
1) 916.800 2) woiokipkk 3} ke

NEZLE EXIT TOTAL RARESSURES - FTHE
1) 21.638 2 21.577 3 21.998
§) 2o.758 6) 21.358 T 21.328

NOZZLE STATIC FRESSURES - PSNE
1) efapleiir 2) *

CALCULATEON TATE 2719774

FaMB TAME
14,764 26.95

FT GAMMA

120,475 1.8193

F1F F1CL

916.977 1022.650 1022.660

wWSLM L
24.62% ZT.591

(a0 eGP
B=s e -B105

WIFEH YIFC
26.573 1264.226

4) 23.725 5

4) B59.400 5) £97.500 € S84 N

4} 2878
8) Ao

AR AEFF AFRIH
52 .40 a3.141 93.793
z REYN <
9953 11753367, 29939
FN TR FTE
21.914 9G5.533 21.110
WIFH W2 VIF
£8.057 28,142 1325.384

Lo, o2

9GS 7946
GAMMAFE ZFrE Vel
1.3646 1.0000 000

1.0z ARI
AFRIH2
94,248

1.3654

L3186

A1.319 6 21438 T 21.647 8 24,105

 8)

9) SR.ax1 01 696.51)1



¥8E

LARSGS 127 E/T73 CALOWLATION CATE
HOT NOZZLE TEST FACILITY

BIFFALO SUPPRESSCR
NIZZLE WOISE TONE SOURCE ITENTLIFICATION

TEST 2399TF - MNTE

RN oG FINEAMS TIN/TAME  OOF oEH o
16. 1. 1.1 2.387 8962 8850 W11
16. 2. 1.257 2.555 B315 8798 8780
16. 3. 1.327 2.612 8932 8809 .8859
16, 4. 1.418 2.748 -8933 B8e02 L8841
16. 5. 1.484 2.805 8998 8864 S8

coRe o COFE oTFOe OFE ARRIHZ

BTG 7680 9552 9404 8 i 894,248

LBT40 76T 9552 L9365 .9338 54,248

.ars7y 7758 9525 5342 0372 94.248

4758 L1743 9509 O3 A318 54,248

- e ] - TH46 S50 9342 Odd4 94.248

2/19/74

CorH
Iy
JTT25
«FEG3
. TTEZ

AFRIH

93.559
93.629
93,634
a93.7172
93.793



SRt

LALSSS 127 €/73
HOT NZZLE TEST FACILITY

BUFFALO SUFPRESSCR
NRZLE NOISE TONE SOURCE ICENTIFICATION
T TEST T399TF - HNTF

INFUT CATA
RUN COND CATE TEST N FAMB
17, 1. 11174, 2399. 14,744

PRIHARY FLOW CATA
Ax F2 P1 T FT
a.5519 a3.941 127.401 37.320 128.255

PTARE FTARE FX FOR FiP
2€.280 304 3PTLOG5 0 3TS5.RS52 43T.212
FTN/FAME  TTN/TAME W1 WCCR WELM
1.191 1.000 26.187 21.354 26.187
e (a2 ] fan 2y CVE v
8937 -B94T Bre2 BE23 8623
@OTFE T2 e WIFE WIFEH
-9628 8435 )= ot 27.199 27,743

FRIMARY NCEZLE TOTAL FRESSLRES
1} 17165 2} 17.688 3 1Tr.828 &£ 1r.MA

FRIMARY NZZLE TOTAL TEMFERATURES
1) 3D.an  2) sk -} 4) 32.5%

NOZZLE EXIT TOTAL FRESSURES - FThE
1} 17.319 2} 17 348 B 1F.149 4 17.099
3y Av.009 6} 17.279 N 17.249 8 417.089

NEAE STATIC PRESSURES — FSNE
1 2) Aepiisol

CALCULATION CATE

1.62 ArRl
APRIH APR IHZ
92.300 54.248
& WA
L5935 26.1873
FTE
17.167
VIF GAMMAFP
537.164 1.4008
VEI VEZ
LoD s
17.728 8) 1t.848
8}
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LAESIS 127 6473

HOT WOZZLE TEST FACILITY

BUFFALOD SUFPRESSITR

NOZZLE NOISE TOME $OURCE IDENTIFICATION

TEST IIITF - HNTF
INFUT DATA
RUN COND CATE
1r. 2. 11574,
PRIMARY FLOW DATA
A 2 Pl
8,8519 ra.ao 164.073
PTARE FTARE Fx
37.60 565  613.395

PINAFAME  TIN/TAMB WR1

£.314 1.004 33,743
o o oA
5041 8053 .8863
coPe CEEHE OVFE

621 .0432 5245

PRIMARY NCPZIF TOTAL FRESSLRES
1) 18.947 2 19.566 3}

TEST MO

2399.

38.8e0

FOR
611.518

WoCR
24.9688

8760

WIFE
35.074

19.596

PRIMARY MCEZLE TOTAL TEMFERATURES

1} 3.00 2 3

NXEADE EXIT TOTAL FRESSLRES - FTNE

1} 1s.77 2}
% 1B.657 &)

19.077 3
18,957 n

NRILE STATIC PRESSLRES - PSNE
1) 2)

18.7¢7
18.937

FAMD
14.744

FT
165.173

FIF
n0.195

B.743

-B7E0

WIFEH
35.775

4y 19.227

4) 33.000

4) 18.677
8) 18.677

CALCULATION CATE

WIP
37.323

CGF

VIFE
632.649

5 18.757 ©)

5 3.ao 6

2759774
1.G2 ARRI
APR1 AEFF AFRIH APRTHZ
92.400 83.537 92.277 84.248
4 REYN @ WA W-FLEL
V9343 15776685, 9] 33.7430 faunrl
FTN TN FTE
19.374 34.657 18.822
WAt Wl ViF GAMMAF ZF
37.274 38.070  667.637 1.4030 9953
CGRH R
<7931 T765
GAMMAFE ZFE VE1 VE2
1.4029 9933 flei sl am
18.217 N 19.766 8) 19.916
J.oa N 8) seiniiekt & 9}




LBE

LAES9S 12/ 6/ 73
HOT NOZZLE TEST FACTILITY

BUFFALC SUFFRESSOR
NOZZLE NOISE TONE SOURCE IDENTIFICATION
TEST 2399TF - HNTF

INFUT DATA
RN CONE CATE TEST NO FAME
7. 3. 11174, Z399., 14.741
PRIMARYT FLOW CATA
A% P Fi L PT
8,359 88,601  185.053 .0 186.234
PTARE FTARE FX FCOR F1p
44.230 JBE3 TEa.036 T6E.58d  BTILE3
PTN/FAME  TTN/TAME WRI WE WSLM
1.401 998 38.07T0 26.334 38.07)
=t CrH aCrHz2 VR v
S033 -9047 .8856 .88} &3]
OFE FeHE - CVFE WIFE WEFEH
«SE2 -9414 5283 30.647 4. 440
FRIMARY NCEZLE TOTAL FRESSLRES
1) 2066 2y 21.035 3 21.325 4) 20.795
PRIMARY NCEZZLE TOTAL TEMPERATURES
1) 3B.au 2 o 3) deEEeRRr 4 2.8
NEZLE EXIT TOTAL PRESSURES - FTNE
1) 19.846 2) &.256 3 19.876  4) 19.815
5) 19.T46 & 20.146 I} 21.076 B 19.86

NRZZLE STATIC PREBSURES -~ PSNE
1) 2

CALCUWLATICN CATE

TAMB
32.55

1.4282

FIOL
871.823

WIF
42.144

CoF
. THET

VIFE

A0.036

ARL
92,400

F 4
99236

a3.656

WifH
42,073

o

5) 18.766 €

5 HN.50 €

2/19/74
|
1.62 AFRL |
AEFF AR IH AFRIHZ
85.467 92.257 94,248 |
&EYN « WA W-FUEL ’
17791946, .§342 3B.0M0  .OOG !
™ FTE :
.50 19.960 f
WIFHE vIF GAMMAP ZF i
42,987 136801 1.M032 K- ==
coRe J
7511
|
bz VE4 e |
20,186 ) M.865 B) 21.175 l
BTOO N

8) 9) D00 1) 32.&1]{‘



88E

LABSSS 127 €773 CALCULATION CATE 271974
HOT NCZZLE TEST FACILITY

BUFFALO SIFFRESSTR
MC2ZLE MNOISE TONT SOURCE ICENTIFICATION

TEST 2399TF -~ HNIF
TNPUT DATA 1.02 AFR}
RUN COND CATE TEST NO FAVE TAMB APR1 AEFF AFRIN AFRINZ
1r. 4, 11174, 359, 14.741 .55 2. 400 83.734 %2.243 94.248
PRIMARY FLOW CATA
Ak 2 P1 L) FT GANMA F4 REYN @ WA W-FLEL
8.5519 9. 761 AR.036 39.656 203.391 1.4308 <9931 15462688. 9342 41 .66 o000
FTARE FTARE Fx FOR F1F F1oL FTN ™~ FTE
50.030 2730 SGS.748 90R.978 1020.777  1GED.77T 21.788 ¥ .833 a0.962
FTN/FAME  TTN/TAMB WRI WK WU WIF WIFH Wil VIF GAMMAF ZF
1.478 999 41.€07 27.319 41.407 45.913 45.835 46.8%2 789.349 1.4034 == e g
=t B cRe CvE v CGF (=) ceh
+9062 .S078 A4 8873 -B873 E041 8055 « TBES
CORE CLFEHE CVFE WIFE wWIFEH VIFE GAMMAFE ZFE VEY VE2
o527 9438 9321 43. 8 44.085  751.384 1.4033 -9952 flexs JLn

PRIMARY NCEZUE TOTAL FRESSLRES
3) 21.065 2) 2z.254 I 22.533 4) 21.954 5} {.ED5 6) 21.%15 7 22034 8) 22353

FRIMARY NRZLE TOTAL TEMPERATUR
1) 3.500  2) aeeichliek 3) Akt 4) 32.8T S) .90 6) .20 N 8 % 9 3¥.Ooo 10

NERE EXIT TOTAL FRESSURES - PTAE
1) 20.505 2) 21.335 3 20.835 A} .765
$) &.755 6) .25 N 21,125 ) 20.765

NRZLE STATIC FRESSIRES — FSMNE
1) = 2)  #tlolokl

3.0



68¢

LAGS9S 127 6/73 CALCWLATION CATE  2/18/74
HOT WOZZLE TEST FACLILITY

BUFFALD SUFFRESSIR
NCZILE WOISE TQE SOURCE ICENTIFICATION

TEST 2399TF - HNTF

INPUT DATA 1.02 MRl
RUN COND CATE TEST NG FAMG TAMB AFRI AEFF AFRIH AFRIHE
17. 5. 11174, 2399. 14.741 32.80 S2.400 84.376 s2.226 24,248

FRIMARY FLOW DATA

Ak 2 Fi ™ P GAMMA z RETN = 4] WA W-FLEL
B.5519 103,681 220,761 39.225 22241 1,4338 29524 21334654, 5343 43,5335 <O
FTARE FTARE FX FCCR F1F FibL FTN TN FTE
55.510 +833  1064.547 1061.290 1189.604 1169.604 23.074 20.333 22.135

PFTNVFAME  TTN/TAME WR1 WOk WSLM L WIPH WA VIF GAMMAF o
1.565 955 45.533 28.1688 45,533 49.864 49.775 A.861  BA.5T5 1.4037 L9991
<oF Lonz ] oA (A oy oF Ca o724
5332 9149 8953 5349 JBaG a7 8187 -3
aFe CLPEHe W E WIFE WIFEH VIFE GAMMAFE IrE VE1 ve2
9674 9484 V9367 47.067 48.08 853.030 1.480G35 L9931 o xs] JOOG

FRIMARY NEZLE TOTAL FRESSURES
1) 22,63 2 23.3712 3 24.272 4) P3.ET2 5 P1.874 6) 22,313 N DI.AT 8 zm.rse

PRIMARY NCZZLE TOTAL TEMFERATLRES
1) 30.001 2) folekiks 3) selolic 4 N.OW0 5 XH.50 € MN.OU N 8) 9) 3M.0m 1)

NZIALE EXIT TOTAL FRESSURES - FTAE
1) 21.804 2) 22.%43 3 22.054 4) 21,964
5) 21.764 6) 22.363 7)) 22.393 8) Z=.014

NOZZLE STATIC FRESSURES - FSNE
1) 2}




»
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LABS9S 127 6/73
HOT NOZZLE TEST FACILITY

BUFFALD SUFFRESSOR
WNOZLE NOISE TOWE SOURCE IDEMTIFICATION

TEST 2399TF ~ HNTF
RLM o FTN/FAME  TTH/TAMB
17. 1. 1.191 1.000
17. 2. 1.314 1.604
1F. L3 1.401 958
17, 4, 1.478 993
17. L 1.565 995
o2 cohe LFE CEeH2
B7E2 7556 9628 9439
-88E3 «TTES 9621 SBA32
BA5SG 7811 SE02 9414
8884 - 7683 9627 9438
8053 8011 9674 .S484

an

.8937
2041
S0
L9062
S

CALCLE ATICH DATE

AFRIH2
94,248
94,248
94,248
54,248
94,248

o
L8823
.87l

.BATA
8949

2/19/74

8623
BTE0

8873

CePH
IS
.T93

8055
8187

APRIH

92.300
g2.277
92.257
o2.243
92.2265
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LAESSS 12/ B/ 713
HOT NOZZLE TEST FACILITY

BUFFALO SUPFRESSTR
NOZZLE NOISE TONE SQURCE IDENTIFICATICH

TEST Z393TF - HWTF

1NFUT CATA
RUN Lee /2 DATE TEST NO
18. f. 11574, 2359,

FRIMARY FLOMW CATA
Ax r2 F1 m
8.3519 36.769 81.206 46.500

FTARE  FIARE Fx FOcR
o0, 830 312 372.0688 381.0093
FINEAME TTVTAE WD WoCR
1.189  2.30t 16,506  21.439
@ o e o
~SOE30 8915 8853 8748
OV E lap 23054 COVFE WIFE
o1 8511 32 17.014

PRIMARY NCEZLE TOTAL FRESSURES
1) 16.397 2} 16.937 I 17.676

PRIMARY NZLE TOTAL TEMFERATLRES
1) TRT.Aam 2 3} dellnloiio

NZLE EXIT TOTAL PRESSURES - FTNE
1) 16.007 2y 16967 3 16.667
8) 36.5¢7 €) 16,837 T 16.777

NERZLE STATIC FRESSURES - FSNE
1} 2}

CALCLLATION CATE  2/137M4

PAMB TAMB
14.349 513.28

FT GAMMA
81.750 1,4119

F1P F1oo
425.356 425.356

WELM WIP
16.506 18.279
v CGF
8742 - TR

WIFEH Vit
17.355 776.354

AFRl AEFF AFRIH
52,40 83.437 3. 592

B-che TSTO452.

17.068 720.683

wirH Wi

18.514 18.644 829.140

CGMH o2
L] Tr44

GAMMAFE Fin
1.3714 1.0010

4) 17.456 % 16.37¥7 6 16,497 D

4) 724.800 5) MOo.Om € R’T.AL N

4) 16.577
8) 16.€17

1.02

AFRT

AFRIHZ
94.248 ‘

@ W W-FLEL :
8937 16.4891  .D165 |

16.659

viF GAMMAF i |

1.3717 1.0040 ‘

vE1 vEZ

LD JOOG

17.085 8 18.07S |
8) 9) T24.000 10} ?ID.B:;&J

|
|
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LAESSS 12, 6,73 CALCULATION CATE  2/19/74
HOT WQZZLE TEST FACILITY

BUFFALO SUFFRESSR
NOZZLE NOISE TONE SOURCE 1DENTIFICATION
TEST 2359TF ~ HNTF

TNFUT DATA 1.02 APRI
RUN COND CATE TEST MO FAME TAMB AFRI AEFF AFRIH AR IH2
18. 2. 11574, 2393, 14.349 53.36 2. 40 83.170 93. 606 84.248
FRIMARY FLOW DATA
Ax (3~ P1 LL) FT GAMMA 2 REYN a2] W W-FUEY
8.5519 43.359 91.236 47T .Ga0 91.848 1.4133 990 8511976, 8937 18.5259 0188
PTARE FTARE FX FOR F1F FI1DL FTN TN FTE
25.040 376 472.264 483.652 2 S2.011 52,011 17.887  743.267 17.389
PIN'FAMB  TTN/TAMB WFRI WOOR =M WiF WP WiPH2 VIF GAMMAF zr

1.247 2.345 18.545 3.2 18,545 20953 a.872 21.015 S40.352 1.3713 1.0009

<o (232 7] R Qv o CoF CGH P

-2005] 8385 825 8713 8713 - 7843 Tz L7689

CDFE COFEH2 v E WIFE WIFEH VIFE GAMMARE ZFE VE1 vi2
SEH6 O86 WS4 19.126 19.566 B79.6687 1.3m7 1.0009 a0 LG

FRIMARY NOPZLE TOTAL FRESSURES
1) 17.046 2) 17,916 3J) 18.895 &) 18.655 5 16.9%6 6 1707 D 17.686 8) 18.825

FRIMARY NIPZIE TOTAL TEMFERATURES
1) M\1.an  2) % 3} deicdopd = 4) 1280 5) T3S 6) TS1.800 8) o 9) T43.200 10) P5.800

NREZLE EXIT TOTAL FRESSURES — FTMNE
1} 17.346 2) 17.636 3) 17.346 4) 17.756
3) 17.15%6 6 17.526 N 17.536 ® 17.%6

NRZLE STATIC FRESSURES — PSNE
1) 2) e




t6t

LAE3SS 127 &/ T3
HOT NOZZLE TEST FACILITY

BUFFALD SUFFRESSOR
WRZLE WOISE TONE SOURCE ICENTIFECATION

TEST 2399TF ~ HNIF
INPUT CATA ] .
RUN o CATE TEST MO
i8. 2, 11574, 2399,
FRIMARY FLON DATA
A Pz f1 s
8.5519 48.519 101.613 47.640
PTARE FTARE X FOOR
I0.410 456 616.164 631 .060
FTN/FAME  TTN/TAMB Wl WCCR
1.320 2461 20.655  25.007
r @ TR CVF
L9047 8524 887 -B911
re @FBE  CWFE WIFE
5660 V5450 443 23

PRIMARY NOZZLE TOTAL FRESSURES
1} 17.736  2) 18.665 3 &3

PRIMARY NEZLE TOTAL TEMPERATURES
1) 809.90 2 )

NORZLE EXIT TOTAL PRESSURES — PTNE
1) 18.285 2 18.675 3} 1B.255
5) 18.075 € 18.545 T 18.515

NOZZLE STATIC PRESSLRES - FSNE
}] 2) doieleist

CALCULATION CATE  2/19/74
. 1.02 APR1
FamMg TAME AFR1 AEFF AFRIH AR IHS
14.349 53.36 92. 400 83, 592 93,652 94,248
T GAMMA F4 REYN < L W-FLEL
12,294 1.4148 9967 9474764, 5938 a.6323 0229
F1F Fio. FTN TN FTE
€391.437 651.437 18.940 &D3.083 18.354
WSLM WIF WIFH WlFH2 VIP GAMMAF Fiy
20.655 22.83) 23.147 23.287 1077.0G32 1.3689 1.0006
v CGF o oz
6911 a0e2 . 7052 . 7904
WIFEH VIFE GAMMAFE ZFE VE1 vz
21./9 1016.397 1.3663 1.0005 ek 0
4) .43 5 17.766 6) 17.856 N 18.635 8) 2.3:13
4) B2 O 5) THE.U 6 B11.20 7 aj 9 80z. 50 16) 196.4D
4) 18.185
B8) 1B.255
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LAESSS 12/ €473
HOT NOZZLE TEST FACILITY

BUFFALD SUPPRESSCR
WOZZLE NOISE TOE SOURCE IDENTIFICATICN

TEST 2399TF -~ HNTF
INPUT CATA
RLN Lo CATE TEST WO
18. £, 11574, 2399.
PRIMARY FLOW CATA
A% Fe Pl T
8.5319 52.609 110.177 48.175
FTARE FTARE FX FOR
35.030 525 744,134 T2.i2d
FTN/FAME TTN/TAME W1 WCF
1.358 2.%85 &2.396 26.244
L=+ O T2 vF
500 8918 8872 ~E851
[er OFEH2 CVIFE WIFE
OGS0 +946]1 9347 23.28
FRIMARY NEZLE TOTAL FRESSURES
1} 18.575 2) 19.524 M3 4i.T22

PRIMARY NIZZLE TOTAL TEMFERATURES
1) BIS.(E0 21 somdiold e 3 e e

NEZAE EXIT TOTAL FRESSURES ~ FTMNE
1) 15.224 2) 19.744 3 $9.304
5) 18.994 &) 15.564 7 19.534

NCEZLE STATIC PRESSURES ~ FPShE
1 Z)

CALCULATECH CATE  2/19/74
1.02 AFR1
PAME TAME AFR] AEFF AFRIH AFRIMZ
14.349 53.52 2. 40 83.621 93.762 94.248
PT GAMMA 2 REYN =] WA W-FEL
1i0.916  1.4160 9965 10267413, .9938 22.3696 0268
FiP F1DL FTH TIN FTE
840,735 840,75 20.056 B66.783 19.347
WELM wWir WIEH W2 VIF GAMMAF zP
a2.395 24.748 25.112 25.243 1257.730 1.3664 1.0002
(2 oGP (a3 CGh2
.8a51 8010 T534 .TE53
Wi FEH VIFE GAMMAFE 2FE VEL vEZ2
23.672 1143.687 1.3658 1.0002 el Rauzl
4 .82 5) 18.655 € 18.725 7)) 15.664 8 2A.Te2
4) 865,400 3 859.435 6 BT4.3M N B} 9} 667.000 1if) 661.400
4) 19.154
8) 19.254



S6t

LAEZ9S 12/ 6/73 CALCULATION CATE  2/19/74
WOT NDZZLE TESY FACILITY

BUFFALD SUPFRESS R
NOZZLE NOISE TOME SOURCE ICENTIFICATION
TEST Z3I99TF - HNTF

INPUT DATA 1.02 AFRI
RUN COND CATE TEST NO FAMB TAMB AFR1 AEFF AFRTH AFRIH2
18. 5. 11574, 2399. 14,349 53.56 S2.400 B4.357 83.803 a4.248

PRIMARY FLOW CATA

Ak ) F1 1 PT GAMMA z REYN D W W-FLEL
6.5510  S56.805 118.9%8  48.875  115.756 1.4172 9962 11074555,  .9938  24.1468 .03
PTARE FTARE Fx FOR FiF FICL FIN ™ FTE
3, 00 595 BAT. 344 a08. 197 988,240 868 .240 21.144 08,4566 0.392

PTN/PAME TIN/TAMB Wil WOR WSl WIiP Wi Wi VIF GAMMAF IF

1.474 &.6656 24.177 ar.2se 24.177 26,498 26. 900 27.028 1315.113 1.3651 1.000)

F oY o oF [ <GP o oz

9124 8988 6245 ST 8979 8193 80 Boa2

aO¥E e CVFE WIFE WIFEH VIFE GAMMARE ZFE VEL VE2
9654 .5464 9408 25.044 25.545 1255.210 1.3643 1.001 Rea ) Panal

FRIMARY NOEZLE TOTAL PRESSURES
1) 19.464 2} .37 ) 22.861 4) Z3.161 5 19.674 6} 19.554 ) M.673 &) 23.3%)

FRIMARY NOPZLE TOTAL TEMPERATURES

1) |16.41 2} 3 4 4) 906.213 5§ S2.ZD 6 916.01 7) 8) seissiEe

NCEZLE EXIT TOTAL FRESSURES —~ FTNE
1} 20.283 2) 20.843 3 .33 4) 20.183
5 15.544 6) 633 T §6.593 &) 2D0.293

NIZNF STATIC FRESSURES = PSMNE
1) * 2

9) S05.600 1) S04.20
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LALS59Y 127 €473
HOT NOZZLE TEST FACILITY

BUFFALO SUPPRESSOR

NQZILE NOISE TONE SOURCE IDENTIFICATION

TESY Z3991F

RUN
18.
18,
i8.
18.
18.

- war

CorHz
7744
. T68S

- PE33

FIN/FAME  TTR/TAMB

1.189
1.247
1.320
1.3%8
1.474

57
J9G96

9650
L9654

z.301
2.345
2.451
2.565
2.656

9511
D506

-9461
<9254

9314
L5443

-S408

CALCULATION CATE

ARIH2
94.248
94,248
54.248
94 . 246
o4 _Z248

2r19/74

8193

CGPH
TP
LT742
. 1952
. 7854

AFRIR

93.5%
93.605
93.682
93.762
a3.803



L6t

LAB295 12/ 6/73
HOT WR2LE TEST FACILITY

BLFFALO SUFFRESSOR
MOZZLE NOLSE TONE SOURCE ICENTIFICATION

TEST 2399TF ~ HNTF

INPUT CATA
RUN COND CATE TEST NO FAHE
19. 1. 11574, 2399, 14,354

PRIMARY FLOW DATA

A% F2 F T FT
8.5519 38.244 79930 49.400 80 .56
PTARE FTARE Fx Fouk FIP
n0.150 L3020 3G.138 358,478 409.049

PIN/FAMB  TTN/TAMG WER1 WCCR WELM
1.182 2.208 16.209 21.142 16.210
f=r O e e v
8031 5917 B854 ~B5E 858
arE TrER CVFE WIFE WLPEH
0897 R-Y. ) L9313 16.378 16. 206

FRIMARY NCRZLE TOTAL PRESSLRES

1y 16.332 2) 16.842 3 17.3/81 4 17.251

PRIMARY NOZZLE TOTAL TEMFERATURES

1) e 2) 3) dms 4 721.000

NOPZLE EXIT TOTAL FRESSLRES — FTNE

1) 16.812 2) 16.842 3 16,632 4) 16.462

5 15.853 € 16.3& T) 16.552 B} 16.642

WEZLE STATIC FRESSURES - FSNE
1) 14333 2) 14.319

CALCLATION BATE 2719774
1.02 ARRI
TAME AFRL AEFF ARRIH  AFRIMZ
%4.16 S2. 400 83.450 93.587 94.248
GAMMA z REYN < TR Y
1.4116  .9975  MO9T7. 9937  16.1532  .CIED
FIDL FTN TN FTE
400,049 16,961 T15.763  16.519
WIF Wi WIRE  VIP GAMHAP zF
17.848  18.178  16.307 811,929 1.3719  1.0011
P CoH GRE
£ JE53 LT5T
VIFE  GAMWPE  Z°E VEL vez
746.263  1.37i4  1.0011  49.581  65.612
5) 16312 €). 16.462 T 17.051 8 18.020
5) WE.O  6) T21.00  7) dkbb 8) 9) O8O 10} 1.0




86¢

LAES9S 127 €773 CALCILATION CATE  2/19/74
MOT NOZZLE TEST FACILITY

BUFFALG SUEFRESSCR
WRZ2LE WOISE TOHRE SOURCE IDENTIFICATICN

TESY 2359TF - HNIF
INFUT CATA 1.02 AFR1
RUN COND CATE TEST NO FarME TAMB AFR] AEFF APRIH APRIH2
19. 2. 11574, 2399, 14.354 53.82 S2.400 B82.653 93 .617 94.248
FRIMARY FLOW CATA
A [ /M T T GAMMA z REYN o2 WA W-FUEL
8.5519 £4 2774 52.492 51.150 93.112 1.4132 -9971 B535336. L9937 i8. 7038 0192
FTARE FTARE FX FCCR FiP F1l FTN™ TN FTE
25.830 387 486.392 497.978 55B.196 558.196 18.02%  TI51.630 17.802
FTNFAE TTR/TAME Wil WR WSt WIF WiFH w2 vIP GAMMAF r

1.256 2.358 18.723 Z3.323 18.723 20.921 21.196 21.33% 953.214 1.309 1.0009

F [an ] oz CvF [ CeP CoPH CoRHR

8949 8833 8774 B714 8714 LTS8 TEST 7645

EFE TFee QFE WIFE WIFEH VIFE GAMMAFE ZFE VEL veEZ2
-S6068 5616 L5458 19,050 15.471  &83.722 1.303 1.00%8 &.124 78.418

FRIMARY NEZLE TOTAL PRESSURES
1) 17.1n1 2) 17.951 3 19.049 4) i8.881 5y 17.121 6) 1T.181 7} 17.8e71 8} 19.089

FRIMARY NEZLE TOTAL TEMPERATURES
1) T62.20 2) dklbpkk  3) 4) 155.%0 5) Tee.am 6) Tei.anm 7 8) 9} T55.000 10} 745.200

NEZLE EXIT TOTAL FRESSIRES - PThE
1) 1T.7T81 2) 17.851 W 1.6l 4) 17.3N
8) 16.452 6) 17.13 T 17.421  8) 17.561

NCZZLE STATIC FRESSURES — PSNE
1) 14.322 2) 14.34



66¢€

6 18.000 7) 15.80

B) 8U5.600 T s

LABR9S 127 €/73 CALCULATICN CATE 2/19/74
HOT NOZZLE TEST FACILATY
BUFFALOD SUPPRESSCR
WXZLE NOISE TONE SOURCE IDENTIFICATION
TEST 2399T¢ - HNTF
INFUT CATA
RUN COND DATE TEST NO FAMB TAMB ARRI AEFF
19. 3. 11574, o399, 14.354 53.96 52,400 3.3
PRIMARY FLOW DATA
A R F1 Ll FT GAMMA Z REYN
4.5519 49.83 102958 52,675 103.689  1.4146 -0503 947010,
FTARE FTARE FXx FCR FIP FIDL PTH TN
30.730 -461  €18.559 E&33.293 WO7.80F  707.58065 19.083 &3.70
PTN/FAME  TTN/TAME WRI WCCR WSLM WiF WIPH WIRH2
1.329 2.47 a0.831 25.096 20.81 Z3.106 &3.428
oF o o W v CoF CaPH ez
- ¢l 8891 8839 BT39 8739 LTBT9 JTT0 T724
=023 €Troe Ve WIFE WIPEH VIFE GAMMATE ZFE
»OB810 S517 SSI06 21.235 &1.659 1015.756 1.367% 1.0005
PRIMARY NZILE TOTAL FRESSURES
1) 17.881 2} 18,90 3 &.¥¥™E  4) 20.268 5 17.5%
FRIMARY NIZZLE TOTAL TEMFERATLRES
1) 8108 2) ) 4) sae.an 5 s0.an
NOZZLE EXIT TOTAL FR'ESSU'EES‘— FTNE
1) .80 2) 18,40 3 18.50 4) 18.30
%) i7.181 6} 18.M0 7} 18.340 B8) 18.54D

NOEZLE STATIC PRESSLRES — FShE
1) 14.322 2) 14.258

ARG IH
S3.659

18.330

VIF

23.568 1093.241

. 727

1.02 AFRY
APR IH2
94 .248

20,8066 0227

1.3687 1.0005

8) 20.428

8) #Ebe: 8 SR 10) 73600



00%

LABSSS 127 6773 CALCUWLATION CATE 2/19s74
HOT MOZZILE TEST FACILITY

BUFFALO SUPPRESSOR
NRZLE NOISE TONE SOURCE IDENTIFICATION

TEST 2399TF - HNIF

INFUT DATA - 1.02 AFRI
RUN o CATE  TEST NGO FaMB  TaMB A1 AEFF ARIN AFRINE
19. 4. 11574, 2399, 14.354 53.88  92.400  B3.558  SA.758 94,248

PRIMARY FLOW CATA

A% F2 [ § L FT GAMMA z REYN o WA W-FUEL
8.5519 53,124  111.183 53.560 111.528  1.4157 9967 1212972 8938 22.4510 0265
PTARE FTARE FX FOR FIF FIoL FIN TN PTE
35460 532 744108 PE1.832 B845.824  B45.824 20.105 865.466 19,234

FIN/FAME  TTN/TAME %23 WCCR WSLM WP WiFH wife VIF GAMMAP b
1.401 2.580 22.478 26.262 22.478 24.856 25.221 25.353 1210.M% 1.3655 1.0002
fas fae 2t} oFH2 oV cy o G CoPH2
8043 .6912 8866 B8ra7 BT97 L7956 7840 . 780
CDFE CFEHZ CVFE WIFE WIFEH VIFE GAMMAFE 2FE =1 vER
9791 8599 5411 22,958 Z3.417 1131.7i4 1.3656 1.0002 74.351 97.571

FRIMARY MNCEZLE TOTAL ARESSIRES
1) 18.630 2) 19.629 3 21.697 4) 2.787 5 18.790 6 18.70 T 19.723> B} 2AH.797

FRIMARY NCEZLE TOTAL TEMFERATURES
1) 8n1.68000  2) deekeekibk 3) soicklibkk 4) 864.600  5) 859.000 B) 871.800 7 biskkkk  8) dhioklidw S) 865.800 10} B59.8400

NREZLE EXIT TOTAL FRESSLRES - FTNE
1} 13.723 2} 19.699 3 13.559 4) 19.239
5) 17.841 €) 18.880 N 19.249 8) 19.489

NOEZLE STATIC FRESSURES ~ PShNE
1) 14.309 2) 14.276



10t

LAESSS 127 673 .
HOT NJOZZLE TEST FACILITY

BUFFALO SUFFRESSOR
MOZILE NDISE TONE SOURCE IDENTIFECATION

CALCULATION CATE

TEST 2390TF -~ HNTF
INFUT DATA
RUN QoD CATE TEST NO FAB TAME AR1 AEFF
19. 5. 11574, 2393, 14.354 53.96 S2.400 83. 783
PRIMARY FLOW DATA
A% e P L PT GAMMA r REYN
8.5519 56.654 118,534 54,300 119.329 1.4167 9965 10874542,
PTARE FTARE Fx FCOR F1F Fi1oL FIN' TN
29.560 L5893 B67.926 B88.600 973.17N 973.171 21.077  S03.233
PTNFAMB  TIN/TAMB WR! WOR WSLM WIF Wi/ w2
1.468 2.653 23.956 27.G76 23,956 26.420 26.520 26.949
[os OPH OHe CVFF (=) G CGRH CGRH
L8067 8932 8890 8919 JE919 Rox:Ys . T5E )
COPE OFeH2 CVFE WIFE WEFEH VIFE CAMMAFE IFE
B-127] 9553 5467 24.587 25.078 1831.265 1.3644 1.00010
PRIMARY NEZLE TOTAL FRESSLRES
1) 19.4% 2) An498 3 22.855 4) 23115 5y 19.619  6) 19.549
PRIMARY NZZLE TOTAL TEMFERATURES
1) S50.2100 2} e A 3 4) A1.000 5 §S8.50 6) J09.80
NOEZLE EXIT TOTAL FRESSURES - FTMNE
1) .6 ) .86 W} A58 4) A.218
8} 18.5%90 6) 19.789 T) &i.128 8) aA1.348

NRZLE STATIC FPRESSLRES -~ FSMNE
1) t4.35 2 14.274

2719/74

1.02 APR1

ARRIH AFRIHR

93,796  94.248

o] WA W-FUEL

L9932 23.9268 0257

FIE

a3.145

VIF CAMMAF zF
1306.986  1.3653  1.,0000

VE1 VE2

77.629 99.228
N oA\ 8 22.936
Y - 8) % 9) 901.40 10} €50.%D




or

LAESSS 127 €473 CALCULATION EaTE
HOT NOZ2LE TEST FACILITY

BUFFALD SUFFRESSOR
MOZILE NOISE TONE SOURCE ICENTIFICATION

TEST 23991F - HOF

RUN CONC FTN/FAMB  TTN/TAHB e B CvF
19. 1. 1.182 2.288 9033 BT 8560
19, 2. 1.256 2.358 8949 8833 .8T14
19, 3. 1.329 2.47Mm L8018 +8891 .8733
19. d, 1.461 2.560 29043 8912 8797
19. 5. 1.463 2.653 9067 8932 -89

R CoRH2 COFE OFtH2 CvrE AFR IH2

-BB%4 S5 o697 973 -S313 S4.248

8774 - TE45 =8 ) »9616 +5458 94.248

+8839 Tred .5810 9517 3406 94,2458

BH66 » T 9791 9559 9411 94,248

8890 . 7928 9744 L9553 Jo46T 94.248

2/19/,74

-B360
8714
BT39
-8ra7
8319

CoMH
<7633
. TE97
.7T770
T840

AFRIH

93.587
23.617
93.689
93.758
93.796



£0p

LAESDS 127 &/73
HOT NOZZLE TEST FACILITY

BUFFALO SUPPRESSIR

NXZZLE NOISE TONE SOURCE JCENTIFICATION

TEST 2399TF - HNTF
INFUT CATA
RUN oD DATE TEST MO
0. 1. 11774, 359.
PRIMARY FLOW CATA
Ak P2 P1 m

0.5519 43.164 84.063 4.0

PTARE FTARE (21 FOR
21.010 315 376.655 373.662
PTNAFAMD  TTN/TAME W1 WOOR

1.173 2.254 17.07 &1.a0

L= s TPH [an. 2 54 oy
«9390 S2T4 206 SOLT
axXe Cre vrE WIFE
1.0524 1.0121 5833 16.543

PRIMARY NCRZLE TOTAL FRESSURES

1) 16.742 20 17.%R 3 17.891

PRIMARY NOZZLE TOTAL TEMPERATURES

CALCUATION DATE  2/19/74

1.02 AFRI
FAMB TANG AFRI AEFF AFRIH AFRTHE
14.814 45.48 92.400 86. 764 3. 560 94.248

PT GAMMA T REYN <D WA
84.627  1.4123 9973 To3T4a44. 9937 17.0630
F1P F1CL FTN TN FTE

4318.177  M18.377 17.370 859.375 16.5923

WELM WP WifH Wiz VIF GAMMAF
17.07% 18.188 18.416 18.552 mr.m92 1.3728

[a ) fus CGFH CGRHZ
JOT 8458 8353 B
WIFEH VIR CAMMAPE 2FE VEl VEZ

16.874 Tl 661 1.3723 1.0312 53.020 67.557

L0157

v
1.0012

4 7.7 9 16.722 6 16862 T 17.441 B 1B.27

6 500 D S0 8

1) 693.5W 2} A.5m B

NE2LE EXIT TOTAL FRESSURES ~ FTME

1) 1T.E2% 20 1r.ew 3 1r.aos
5 16.223 € 16732 7 16.942

NXEZAE STATIC PRESSURES - FSNE
1} 14.790 2) 14.775

4) N 5)

4) 16.882
8) 17.G52

% 9 = 50)



POV

LAE3SS 127 €6/73

HOT NOZZLE TEST FACILITY

BUFFALO SUFFRESSOR

NOZILE MOISE TONE SOURCE TCENTIFICATION

CAL CULATION CATE

2/19/74

B85.075

BNO95>.

15700

GAMWE = IE

TEST 2399TF =~ HNIF
INFUT CaATA
RUN COND DATE TEST NO FAMB TAME AFRI
0. 2. 11774, 2399, 14.812 45.48 o2 4500
FRIMARY FLOW CATA
A% P2 f1 1T FT GAMMA z
8.5519 45.584 53,404 46.780 96.044 11,4140 ~O0E9
PTARE FTARE FX FOCR FIF FioL FN
26.290 .304 499,526 495.343 5609.415 2 568.415 18.439
FYN/FAME TTIN/TAMB HWR1 WOk WELM WIF Wi FH
1.245 2.408 194062 23.683 19.402 a1.07:2 21.353
[as ) M e CVF (2 e TGO
20T .9086 o027 BT8R B788 -B091 7985
FE CFEH2 Ve WIFE WIFEH VIFE /
1.015 SSod0 V9601 195.097 19.479 8&2.762 1.3808
FRIMARY NZZLE TOTAL FRESSURES
1) iv.521 2) 18.301 3 19.35) 4) 19.150 5 1752 &)
FRIMARY NCREZLE TOTAL TEMPERATURES
1) 149.8200 2) Te4.20  3) ik 4) 5
NOEZLE EXIT TOTAL PRESSLRES - FTAE
1) 18.1711 2) 18.2610 3} 17.951 &) iV.751
5) 16€.812 6) 17.524 N o1r.em &) i17.9m

NOZZLE STATIC FRESSURES - FSNE
1) 14.780 2} 14.756

1.0008

1.1 T

AFRIH
93.632

VIF
942.614

VEL
6.1

18.423

6 TSG.On T Te4.4D

1.02 AFR1
AFRIHZ
84.248
L wW-Fua
19.3521 195
GAMMAF ZIF
1.370% 1.0068
veE2
B2.450
8} 19.559
8) PN 10}



Sov

LAEZ9S 127 /73

CALCULATION CATE

2/19/74
HOT N2ZLE TEST FACILITY
BUFFALO SUPFRESSOR
MOZZLE MOISE TOME SOURCE IDENTIFICATION
TEST 2399TF - MANTF
INFUT CATA .
RN COND CATE TEST ND  PAMB TAMB AFR1 AEFF AFRIH
20. 3. 11774, 2399, 14.814  45.64 S2.400  85.062 93,711
PRIMAAY FLOW CATA
Ax F2 F T F1 GAMMA z REYM =]
8.5519  50.334  105.349  46.460 106.056  1.4155 9966 o685B452. .9938
PTARE FTARE FX FOOR FIP FIoL FIN TN FTE
31.350 473 630.910  625.880 718.468 718.468  19.497 618.000  18.73C
FTNFAMB  TTNTAMB  WRRI WCCR WSUM WiF WIFH wipe vIF
1.316 2.528  21.445  25.370  21.445 23.295 3.5 23.761 1077.927
<P o e CvP o o CoPH oo
.8206 .8077 K- 32 .81 871 8084 .71 .25
FE TFEHE OFE WIFE WIFEH VIFE GAMMATE ZFE =
1.0044 9847 8477 21,381 ZLTIB SOR.TIS 1.3672 1005 €3.475
PRIMARY NOZZLE TOTAL FRESSURES
1) 18.251 2) 19.000 3 565 4) M55 5 168.351 € 18.4M 7 19.45
FRIMARY NCZZLE TOTAL TEMPERATURES
1) ’B.an 2 e2r.am » 4) 5) dsbbiser 6) BOS.GI) 7} E25.800

NORZLE EXIT TOTAL FRESSLRES - FTAE
1) 19,210 2} 15.330 3) 19.010 4) 18. 7D
5 1r.521 €) 18.440 N 18.750 8) 1g8.880

MEZLE STATIC FRESSURES - PSNE
1) 14.774 2 14.70

1.02 APRI
AFRIHZ
84.248
L W-FUEL
21.42135 0234
GAMMAF ZF
1.3680 1.0005
vEE -
B86.636
8} =1.218
8) 9 10}




90%

LAESSS 3127 &/73
HOT NOZZLE TESY FACILITY

BUFFALD SLFPRESSOR
NOZZLE NOISE TOME SOURCE IDENTIFICATION

TEST 2399TF - HNIF
INFUT CATA
RUN COND CATE TEST NO
20. 4, 11774, 2399,
PRIMARY FLOW CATA
A% 2 Pl T
8.5519 34,754 114. €04 46.360
PTARE FTARE FX FOR
36.27 WS4 TFE.556 T2 349
PTN/FAMB  TTN/TAME Wl WoCR
1.332 2.638 23.345 26.665
oP O e OF
.52 - 5064 5039 L8909
OFE COFfHZ CWE WIFE
. 5964 9768 9535 23.3682

PRIMARY NRZLE TOTAL PRESSLRES
1 190 2y 2u.0e9 3 22.127

PRIMARY NOZZLE TOTAL TEMFERATURES
1) 865.0010 2) 8844 3

CALCWATION DATE 2/19/74
FaMB TAME APR] AEFF AFRIH
14.814 45.80 92. 400 85.191 93.717
41 GAMMA z REYN w
115,312  1.4168 9963 16737624, -9538
FIF F1oL FTN TN FTE
B75.849 B73.849 .28 873.40 19,747
WL WiF W PH WIF2 V1F
23.345 25.3 25.895 25.827 1204.333
o ok CGRH oz
8909 8214 054 8053
WIFEH VIFE GAMMAFE i VEL
23.895 1125.350 1.3650 .00 ™.093

4) 22,257 5) 19.27W 6) M0 N .39

NERZLE EXIT TOTAL PRESSURES - FINE
1} 20.289 2) 2.428 3} 40.6G59
1 18.3%1 6 19.42% 7} 19,729

NRZLE STATIC FRESSLURES - FSMNE
1) 14.762 2) 14.729

€ 863.40 T) 881.61

4) 19.749
&) 19.95

1.02 AFR1
ARIH2
94.248

L W-FUEL

23.3178 0273
GAMMAF F
1.3659 1.0002
vEZ2
99.682
8) 22.546
8 9) 100




LOV

LADSSS 127 6/73 CALCULATICN CATE  2/19/74
HOT NO2Z2LE TEST FACILITY
EUFFALO SUFFRESSOR
WRZLE NOISE TONE SOURCE 1DENTIFICATION
TEST 2399TF - HNTF
INPUT DATA
RUN o CATE TEST N0 FAMB TAME APRY AEFF AFR IR
20. s, 11774, 2359, 15.814 45,52 52.400  B5.584 93,842
PRIMARY FLOW DATA
Ax P2 Fl T PT GAMMA 2 REYN @
8.5519  55.034 121.458  46.580 122.272 1.4178 L9061 11300591, 9939
PTARE FTARE FX FCCR FIp FICL FTN TN FTE
0,350 66 905,874 898.652 1003.706 1003.706 2 21.582 S25.875  20.657
PINAFAME TTW/TAME PRI WCCR WELM wIF WiFH WA VIF
1.457 2,740 24.747  27.541  24.747 26.7MB  PT.A35 27,253 1304.996
e o TRe CVF o P CoPH coRE
S D130 061 a5 SOe5 L8355 8231 8196
COPE arEe  OWE WIFE WIFEH VIFE GAMMAFE ZFE VEY
19942 9747 9574 24.891 25.389 1230.156 1.363% 9909 B1.TTE

FRIMARY NOZFLE TOTAL PRESSLRES
1} 19.8™ 2] .AB I Z3.336 4 B85

PRIMARY NCZZLE TOTAL TEMPERATURES

1.02 AFRI
AFRRIHZ
84.248

WA w-FUEL
24.N63 et ko)

GAMMAF zeP

1.3633 -9920
vee

106,372

5) .09 6 T N 21108 8 23.715

5 ik €) 91T.ZD P 93500

1) 6.0  2) 934.500 ) deeluoilss 4)

NEZLE EXIT TOTAL PRESSURES - FTRE
1) 2t1.1%8 2} 21.388 3 A.038 4) .78
5 18.030 6 2,3 N 20.648 8) 21.858

NOEZZLE STATIC PRESSURES ~ FSKE
1) 14.757 21 14.714

8 9) * 10) =



80+

LAESSS 12/ 6473
HOT NOZZLE TEST FACILITY

BUFFALD SURFRESSCR
NCZZLE NOISE TONE SOURCE IDENTIFICATION

TEST 2399TF =~ MNIF

RUN COND FTR/FAME  TTN/TAMB
2a. 1. 1.1 2.294
20. 2. 1.245 2.408
&0, 3. 1.}16 2.528
0. 4., 1.0 2.638
a. 5. 1.457 2.740

DPH2 oz OFE Tyt

JS206 8292 1.03%24 1.0121

8027 7933 1.06159 9960

i 7925 1.0044 -8847

S0 80353 JOSE4 -9788

- 9081 8196 9942 9747

CALCULATION CATE

CoFH
5274
J9086

~S084
S120

ARIH2
94.248
94.248
94.248
o4,248
. 248

89007
B7E8
8781
s i)
9025

2/19/74

.8359

CoPH
8353
. 7885
.97

8231

AFRIH

93. 360
93.632
93.711
93.777
93.842





